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CLASSIFIED ANNOUNCEMENTS 


The charge or these advertisements at the LINE RATE (if under |” er 12 lines) is: Three lines or under 7/6, each additional line 2/6. 


he line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘ Situations 
ree of charge. At the INCH RATE (if over 1” or 12 lines) the 





Financial Reports £14 0s. 0d. per col Ar 
te: “* Electronic Engineering,” 28, Essex S 


charge is 30/- per inch, single column. Pr and pany 
pany the advertisement. Replies to box numbers should be addressed 


anted,’’ when it is added 
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treet, Strand, London, W.C.2. Advertisements must be received before the I4th of the 


month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 


ADMIRALTY, Royal Naval Scientific Service. 
Engineers and Physicists (particularly with 
electronics) required for appointments in (a) 
Senior Scientific Officer and Scientific Officer 
ades (Ref. A246/52A) and (b) Experimental 
Officer and Assistant Experimental Officer 
des (Ref. A247/52A) in Experimental Estab- 
Ihments in London, Portsmouth, Weymouth 
areas and Scotland. Candidates, British sub- 
a. for (a) must possess first or second class 
Jonours Degree in Physics or Engineering, or 
high professional attainments such as corporate 
membership of appropriate professional insti- 
tution with suitable experience and responsi- 
bility and for (b) should possess one of the 
following qualifications :_ University Degree in 
Science, Engineering or Mathematics, Graduate 
membership of appropriate professional insti- 
tution, Higher National Certificate, Final Cer- 
tificate of five-year grouped course in relevant 
subject at City and Guilds of London Institute 
or comparable institution, Higher School Cer- 
tificate with Mathematics, or Science as_princi- 
pal subject or equivalent qualification. §.S.O.’s 
at least 26 years of age with at least three 
years’ approved experience, London salary 
(men) tg annum; S.O.s at least 21 
years £440-£707; E.O’s at least 26 years £681- 
£838; A.E.O’s at least 174 years £274-£607. 
Rates for women and posts in Provinces some- 
what lower. Starting salaries above minima 
may be granted according to age and experi- 
ence. All appointments unestablished (with 
F.S.S.U. for S.S.0. and §.0.) but with some 
Opportunities to compete for established ts. 
gee forms, from M.L.N.S., Technical 
and Scientific Register (K), Almack House, 26 
King Street, London, S.W.1, quoting appro- 
priate reference. W 2530 


ADMIRALTY Royal Naval Scientific Service. 
Vacancies for Experimental Officers and Assis- 
tant Experimental Officers in London area and 
Gloucestershire. Candidates should be Engi- 
neers or Physicists with a strong interest or 
research experience in electronics or_ tele- 
communications, line and radio. Candidates, 
British subjects, must possess one of following 
qualifications: University Degree in engineering, 
physics or mathematics, graduate taembershie 
of an appropriate professional __ institution, 
~— National Certificate, Final Certificate of 
a 5-year grouped course in a relevant subject 
at City and Guilds or comparable institutions. 
Higher School Certificate with Maths. or Science 
as principal subject or equivalent qualification. 
Experimental officers et least 26 vears of ace, 
London salary scale (men) £681-£838. Assistant 
rimental Officers at least 17} years £274- 
£607. Rates for women and post in C+louces- 
tershire somewhat lower. Starting salaries above 
minima may be granted according to age and 
experience. All appointments unestablished, but 

Pportunities to compete for permanent s 
will occur from time to time. Application forms 
from M.L.N.S., Technical and Scientific Regis- 
ter (K), 26 King Street, London, S.W.1. Quot- 
ing A1l30/53/A. Closing date 14th a Os 
505 





B.B.C. requires Engineer in Radio Section, 
Research Department, Kingswood, Surrey. 
Normal starting salary £795 (may be higher or 
lower according to qualifications) rising by 5 
annual increments to £1,065 max. Degree 
electrical engineering or physics with sound 
mathematics essential. Duties: Theoretical and 
Practical investigations on radio frequencies, 
reference transmitting aerials and R/F measure- 
ments, experience of which is essential. Ex- 
perience transmitters and receivers desirable. 
Apply: E.E.D., B.B.C., London, W.1, quoting 
E.787. W 2510 


B.B.C. requires limited number of Engineers 
(minimum age 21) of British Nationality for 
operation and maintenance duties at transmitter, 
studio, recording and television centres. Must 
be willing to serve anywhere in U.K. Essential 
qualifications include University Degree, Higher 
National Certificate or equivalent in Electrical 
Engineering. Grad.Brit.I.R.E. (with maths.) or 
C. & G. Final Certificate in Telecommunica- 
tions. Promotion pro Salary £500 with 
annual increments to maximum £685. Appli- 
cations to Engineering Establishment Officer, 
B.B.C. London, W.1. W 2527 


. 
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CROWN AGENTS FOR THE COLONIES. 
Meteorological Assistant for Radio/Radar 
duties required by the East Africa High Com- 
mission. Option of appointment either (a) on 
probation for two years leading, subject to 
satisfactory service,-to permanent and pension- 
able employment or (b) on contract for one 
tour of 30-48 months with gratuity of 134 per 
cent of total salary earned. Salary, etc., in 
scale £715 rising to £1,170 a year. Outfit al- 
lowance £30. Free passages. Liberal leave on 
full salary. Candidates must have had good 
experience of operation and maintenance of 
ground radar equipment and be capable of 
undertaking radio-sonde/radio-wind operation, 
including the determination of results, and the 
operation and maintenance of meteorological 
electronic equipment including ionospheric 
sounders, ‘‘Sferics’ and diesel electric equip- 
ment. Apply in writing to the Crown Agents, 
4 Millbank, London, S.W.1, stating age, name 
in block letters, full qualifications and experi- 
ence and quoting M2C/33571/EK. W 2517 


DUNDEE ROYAL MENTAL HOSPITAL. 
Recordist-technician or Recordist required for 
duties in the Department of Electroencephalo- 
graphy shortly to be opened at this hospital. 
This Department will serve the Easterf: Region 
of Scotland. Applications stating age, qualifi- 
cations and experience to Physician Superin- 
tendent, Gowrie House, Liff, Nr. ndee, 
from whom further particulars ~~ be 
obtained. 1739 


ELECTRONIC ASSISTANT required for 
University Laboratory in Cambridge. uties 
will consist mainly of the assembly of compo- 
nents on to chassis and the subsequent wiring 
and testing of circuits, and preference will 
given to applicants also able to make effective 
use of hand and machine tools in the construc- 
tion of the mechanical parts of research appara- 
tus designed in the laboratory. Initial salary 
will depend upon experience, qualifications and 
age, but will probably lie between £260 and 
10 p.a. Applications, mentioning age and 
giving a brief description of previous experi- 
ence and qualifications, should be sent to The 
Secretary, Research Laboratory for the Physics 
and emist! of Surfaces, Department of 
Physical Chemistry, Free School Lane, Cam- 
bridge. W 1785 


ELECTRONIC ENGINEER required by Minis- 
try of Supply, London Headquarters, to super- 
vise the development by Industry of electronic 
navigation aids for ice use. Experience of 
the development of radio and radar equipments 
and a knowledge of current navigation equip- 
ment is desirab'e. Qualifications: Minimum of 
higher School Certificate an advantage. Salary 
within range Experimental Officer (minimum 
age 26) £681-£838. ‘omen somewhat less. 
Post unestablished. Application Forms from 
M.L.N.S., Technical and Scientific Register (K), 
26, King Street, London, -.W.1, quoting 
D 223/53A. Closing date 14th July, as 


PROFESSIONAL ENGINEERS in various 
Government Departments. The Civil Service 
Commissioners invite applications for about 130 
pensionable posts in a wide variety of mechani- 
cal and electrical engineering duties. Applica- 
tions may be accepted up to 30th September, 
1953, but an earlier closing date may be 
announced. Candidates must be under 35 on 
Ist January, 1953. with extension for regular 
service in M. Forces and up to two years 
for permanent civil service. For the Post ice 
they must be at least 21, for the Ministry of 
Supply and Ministry of Civil Aviation at least 
23, and for all other Departments at least 25 
on that date. Generally a candidate must 
possess a University Degree in Engineering or 
be a Corporate Member of one of the profes- 
sional institutions—Mechanical Engineers, Elec- 
trical Engineers, or Civil Engineers, or heave 
passes in, or exemption from, tions A and B 
of the corresponding Associate Membershi 
examinations. Exceptionally candidates of hig 
professional attainment, but without the speci- 
fied qualifications, may be admitted. For some 
posts Associate Fellowship of the Royal Aero- 
nautical Society or an Honours Degree in 
Physics will be accepted. Inclusive salary scale 
(men in London) £628 (at age 25) to £970. 
Starting salary according to age up to £875 at 


34. Candidates entering below age 25 will start 
at salaries varying from £429 at age 21 to £549 
at age 24. Prospects of promotion. Salaries 
of next higher grades are £970-£1,280 and 
£1,331-£1,536. Somewhat lower for women and 
in the provinces. Further particulars and 
application forms from Civil Service Commis- 
sion, Scientific Branch, Trinidad House, Old 
Burlington Street, London, W.1, quoting No. 
$85/53. W 2531 


RUNWELL HOSPITAL, Wickford, Essex. 
E.E.G. Dept., Trainee Technician required; 
good education, interested in electronics and 
mechanics. Salary from £135 at 16 years to 
£260 at 23 or over. Applications th testi- 
monials or names of referees, to the eg 
Superintendent. 2525 


SENIOR EXPERIMENTAL OFFICER _re- 
quired by Ministry of Supply trials Wi 

Outstation, Aberporth, South Wales, for contro! 
of operation and maintenance of electronic in- 
struments and supervision of technical work. 
Experience with radio or radar equipment, pre- 
ferably used for measurement of physical quan- 
tities, desirable; liking for field work essential. 
Qualifications: Minimum or Higher School Cert. 
(science) or equivalent, but H.N.C. or Degree 
in Elec. Engineering may be an advantage. 
Minimum age Salary within range £927- 
£1,091 (male). Post unestablished. Application 
forms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1 


quoting D 222/53A. Closing date 14th July, 
1953. Ww 2518 


THE NATIONAL HOSPITALS FOR _ NER- 
VOUS DISEASES, Queen Square, W.C.1. 
Department of Applied Electro-physiology. 
Technician for the maintenance and _ construc- 
tion of electronic equipment. Whitley salary 
scale for laboratory _ technicians. orkshop 
ability or knowledge of photography an advan- 
tage. Applications to Secretary. W 1780 
UNIVERSITY OF ABERDEEN. Electronics 
Mechanic required for Physics Laboratory, 
Natural Philosophy Department; without super- 
vision, able to construct complex apparatus 
from theoretical circuit and design simple circuit 
to specification; some general workshop experi- 
ence useful; wage £365 to £450, according to 
experience. Applications to the ae 
University of Aberdeen. W 171i 





SITUATIONS VACANT 


The engagement of persons answering 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





A COMPANY specializing in spectroscopic 
equipment has a vacancy for a graduate in the 
research department. Salary will be. Page| 
to qualifications and experience which shoul 
cover electronics and some general physics. 
Box No. W 2522. 


A DESIGN DRAUGHTSMAN with experience 
of layout of prototype electronic equipment and 
test gear is required ¥ the Research Labora- 
tories of The General Electric Co. Ltd., North 
Wembley, Middlesex. Candidates should also 
have some experience of designing electro- 
mechanical mechanisms. Apply in writing to 
the Staff Manager (Ref. RLO/4), giving full 
details of age, qualifications and experience. 


AN ENGINEER is required for the layout and 
development, to the prototype production state, 
of electronic equipment of a new type. Appli- 
cants, who must be British born, should pre- 
ferably have had experience of work of this 
kind in the radio, radar or communications 
field, and should have a Degree or_suitable 
alternative training and experience. The post 
will carry a starting salary in accordance with 
age and experience. Write giving full details of 
qualifications, etc., to Personnel cer, Ericsson 
Telephones Ltd., Beeston, Notts. W 2547 
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SITUATIONS VACANT (Cent’d.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 











A NUMBER OF VACANCIES exist in the 
Electronics Division of the Research Labora- 
tories for work on Electronic Switching and 
Computing. App'icants for some posts should 
have a good Degree and for others a minimum 
of Higher National, _and preferably several 
years electronic experience. rite stating age 
and giving details of career to the Personnel 

cer, Ericsson Telephones Limited, Beeston, 
Nottingham. W 2526 


A VACANCY exists in research on low pres- 
sure electrical gas discharges, Applicants 
should preferably have a good gree in 
Physics or Electrical Engineering, and must 
have had some years experience in one or 
more branches of gas discharge devices. Start- 
ing salary, depending on ability, not less than 
£600 wd annum. Write giving full details to 
The Personnel Officer, Ericsson Telephones 
Limited, Beeston, Nottingham. W 2532 


ADDITIONAL SENIOR AND _ JUNIOR 
ENGINEERS are required by a small but pro- 
gressive firm of electronic instrument manufac- 
turers in Surrey for interesting development 
work on important projects. Applicants should 

ss a Degree in physics, and should have 
industrial experience and a practical mind. Both 
salary and prospects will be good for the right 
men. Apply Box No. W 2539. 


APPLICATIONS ARE INVITED for the 
undernoted vacancies: Electronics Development 
Engineer with University Degree or equivalent 
qualifications, also practical experience in 
design and development work. Technical and 
Laboratory Assistant with Higher National Cer- 
tificate in Electrical Engineering or ea | and 
Guilds Telecommunication Certificate. refer- 
ence given to person with practical knowledge 
of radar and laboratory work. Electronics 
Engineer with knowledge and practical experi- 
ence in micro-waves, electro-mechanical 
measurements and servo-mechanisms. Appli- 
cations by letter giving details of education, 
qualifications and experience to The Secretary, 
Messrs. Barr and Stroud Limited, Anniesland, 
Glasgow, W.3. W 2503 


ASSISTANT required for development depart- 
ment. Applicants must have sound knowledge 
of design of electrical measuring instruments 
and electro-mechanical equipment. Measuring 
Instruments (Pullin) Ltd., Acton, W.3. W 1736 


ASSISTANT to Chief Engineer required, central 
London area. Must be willing to work all out 
out to help expand a small company which is 
growing rapidly. Sound general electronics back- 
round essential and knowledge of L.P. Oscil- 
ators, D.C. Amplifiers and Stabilized Power 
Supplies desirable. W 1784 


BELLING & LEE LTD.. Cambridge Arterial 
Road, Enfield. Middlesex, require research 
assistants in connexion with work on electronic 
components, fuses, interference suppressors and 
television aerials. Applicants must be graduates 
of the IEE. or possess equivalent qualifica- 
tions together with similar laboratory ex- 
perience. Salary will be commensurate with 
previous experience; five day week, contributory 
pension scheme. eg ee must be detailed 
and concise, and will be treated as woe 

138 


BELLING & LEE LTD. wish to appoint a 
working chief for their type-test laboratories. 
These are fully equipped for testing electronic 
components to R.I.C. and R.C.SC. Specifica- 
tions, and the applicant must have had experi- 
ence in this field. is is a permanent position 
with wide scope for the right man. Salary will 
be in accordance with experience and quali- 
fications details of which will be treated 
confidentially: contributory pension scheme. 
Secretary, Cambridge Arterial Road, Enfield, 
Middlesex. W iI71 


BRITISH INSULATED CALLENDER’S 
CABLES LTD. require for their Telecommuni- 
cations Laboratory, Kirkby Trading Estate, near 
Liverpool, capable draughtsmen for interesting 
design and development work on light electro/ 
mechanical accessories. App‘icants qualified to 
O.N.C. standard and with previous experience 
in a similar capacity preferred. Only keen and 
conscientious men need apply. Applications in 
writing to: The Staff Officer, B.I.C.C. 

Prescot, Lancs. W 2442 
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CLERICAL ASSISTANT for small Research 
Dept. knowledge of Technical Terms an advan- 
tage. Typing essential. Interesting post for person 
with initiative, Brixton area. rite giving full 
particulars, age, experience, salary required. 
Box No. W 2545 


CHIEF MECHANICAL DESIGNER required 
by expanding Company manufacturing electronic 
and light electrical equipments. Must have 
wide knowledge of production methods and 
drawing office practice, and a working know- 
ledge of electronic techniques. Engineering 
Degree preferred but applicants with H.N.C. 
considered. Salary £800-£1000. Pension Scheme. 
House available shortly. App:y Personnel Officer, 
Airmec Limited, igh 'ycombe, wan 


DECCA RADAR LIMITED invites applications 
from experienced microwave engineers to join 
the Company in its extensive work in a wide 
field of microwave link and radar development. 
The Company offers excellent starting salaries 
and first rate opportunities for men to exploit 
their initiative and to rise rapidly to responsible 
posts. Graduates without industrial experience 
who are prepared to undertake intensive train- 
ing are also invited to apply for junior posts. 
Applicants must be of British = . Apply 
in writing, quoting ref. MW, to Research 
Director, Radar Laboratory, 2, Tolworth Rise, 
Surbiton, Surrey. W 170 


DECCA RADAR LIMITED require draughts- 
men and junior draughtsmen for Research 
Drawing Office, preferably experienced in any 
of the following fields: Radar, radio and elec- 
tronic circuits, electro-mechanical devices, light 
mechanical engineering. Knowledge of work- 
sh Practice essential, applicants must possess 
Ordinary National Certificate or equivalent. 
Positions permanent and progressive; salaries 
based on A.E.S.D. rates. Write giving full 
details to Chief Draughtsman, Decca Radar 
Ltd., 2, Tolworth Rise, Surbiton, o. 


DESIGNER / DRAUGHTSMAN (required by 
The English Electric Co. Ltd., Luton. Must be 
fully experienced in radar or electronic equip- 
ment and conversant with RCS 1000 Standards. 
Good mechanical and circuit knowledge is 
essential. This is a responsible and progressive 
— leading a small team of draughtsmen. 
alary around £700 with housing assistance for 
suitable married candidate. Applications to 
Dept. C.P.S., 336, Strand, W.C.2, quotes ref. 
1119. 2469 


DESIGNER DRAUGHTSMAN. Electronic In- 
struments or Radio. Good prospects and salary 
according to qualifications. Prospects of housing 
assistance to suitable applicant. Saturday inter- 
views if required. Near City centre and all 
amenities. Within easy reach London. Apply 
Marconi Instruments Ltd., Longacres, Hatfield 
Road, St. Albans. W 2432 


DESIGNER DRAUGHTSMAN, Higher 
National Certificate Standard, preferably with 
machine tool experience, a knowledge of 
hydraulics and ge’ machine tool prac- 
tice, required well-known Engineering 
Company, North-West Birmingham. 5-day 
week, Staff Pension Scheme, Modern Drawing 
Office. Apply, giving details of age. experi- 
ence and salary desired, to Personnel Manager, 
Box No. W 2542. 


DEVELOPMENT ENGINEER required. Ex- 
perience in electronic communication field an 
advantage. Excellent opportunity for man with 
technical and industrial experience to broaden 
experience with well-established and well-known 
Company. Near town centre and all amenities 
and within easy reach London. Apply Marconi 
Instruments Ltd., Longacres, Hatfield Road, St. 

Ibans. W 2433 


DEVELOPMENT ENGINEER, aged 24/35 
required by organization in Lancashire for 
laboratory work in connexion with Quartz and 
Synthetic Crystal design and manufacture. 
Applicants should have a Degree in Physics or 
Electrical Engineering, or Higher National 
Certificate, or equivalent. Previous industrial 
experience and knowledge of High Frequency 
Radio Circuit technique will also be an advan- 
tage. The post available is permanent, with 
contributory Pension Fund, and full staff status. 
Applicants are invited to write giving full 
details of their qualifications, age and experi- 
ence to Box No. 214, tland Advertising 
Ltd., 18/20, Regent Street, S.W.1. W 2521 


DRAUGHTSMAN required for development 
department. Able to work from sketches and 
prototype models of electrical measuring instru- 
ments and_ electro-mechanical equipment. 
Measuring Instruments (Pullin) Ltd., Acton, 
W.3. W 173 


DRAUGHTSMEN, Senior and Junior, required 
Design _and Layout experience of Electronic 
and Electro-mechanical equipment and/or 
mechanical computors essential. Facilities exist 
for further technical training under the super- 
vision of E.M.I. Institutes Ltd. Apply by letter 
Stating age, nationality and experience to 
E.M.I. Engineering Development Limited, Wells 
Division, Penleigh Works, Wells, a 


E. K. COLE LTD., Electronics Division, 
Malmesbury, Wiltshire, require Draughtsmen 
(Mechanical or Electrical of National Certificate 
Standard), aged 21 to 25 years, for interesting 
and varied work on Radar and Communication 
Equipments: also for Test Gear. Excellent con- 
ditions and prospects. Apply in writing to Per- 
sonnel Manager. W 2458 


ELECTRICAL ENGINEER OR PHYSICIST, 
preferably with experience in high frequency 
measurements, required for industrial laboratory 
in West Midlands dealing with insulation and 
dielectrics. Candidates should have a University 
Degree or equivalent, and be between 24 and 
30 years of age. The post is a permanent and 
pensionable one and carries a maximum salary 
of £1,100 in the case of a well-qualified and 
experienced applicant. Write to Assistant Staff 
Manager, Box No. W 2543 


ELECTRONIC ENGINEER, preferably graduate 
of recognized training establishment, required 
for design and maintenance of Industrial Elec- 
tronic Control and testing equipment of all 
types. Salary according to qualifications and 
experience. Location, Midlands Engineering 
Plant. Apply Box No. W 170S. 


ELECTRONIC ENGINEER required by new 
division of prominent Engineering Concern in 
Northern Ireland for development work on 
Guided Weapons and other projects. Degree or 
equivalent in electrical engineering or physics, 
with good practical experience, preferably of 
D.C. Amplifiers, Electronic Computation, Pulse 
Techniques, or Miniature Equipment. Good 
salary and prospects for man with originality. 
Details of housing accommodation _ available 
and facilities for removal supplied at interview. 
Send full details of age, qualifications and 
=. quoting reference E.E.1, to Box No. 
7. 


ELECTRONIC ENGINEER aged 25-30 with 
Ordinary National Certificate or equivalent re- 
quired by The Morgan Crucible Co. Ltd., in its 
Instruments Laboratory. Preference will be given 
to applicants possessing a wide industrial 
experience. Position is permanent and_pension- 
able. Staff canteen on premises with all welfare 
and recreational facilities. Five day week. Write 
giving full details of age, experience, qualifica- 
tions and salary required to the Staff Manager, 
Battersea Church Road, S.W.11. W 2546 


ELECTRONIC ENGINEER required to service 
X-ray and allied uipment. H.N.C. or 
recognized equivalent with at least three years 
practical experience essential. Successful appli- 
cant will be required to undergo training 
course in company’s London factories before 
transfer to service dept. He will be required 
to travel in Gt. Britain. Salary in accordance 
with experience, qualifications and age. Apply 
in writing General Radiological Ltd., 15-18, 
Clipstone Street, 1. W 1782 


ELECTRONIC ENGINEERS required by The 
General Electric Co. Ltd., Brown’s Lane, 
Allesley, Coventry, in their Development 
Laboratories, for work on: (a) Trials Team in 
connexion with Guided Weapons; 2 Senior 
Engineers also 3 Engineers. (b) Servo- 
Mechanisms; 2 Engineers. (c) Magnetic. Ampli- 
fiers; 1 Engineer. (d) Pulse Circuitry; 4 
Engineers. (e) Microwave Circuits; 1 Senior 
Engineer. 2 Engineers. (f) Test Equipment; 1 
Senior Engi a Eng s. (g) General 
Radar Circuit Development; 1 Senior Engineer, 
3 Engineers. App.icants, preferably with a 
Degree or an equivalent qualification should 
have had at least two years’ experience in the 
development and engineering of Service equip- 
ment as well as experience in one of the above. 
Houses on the outskirts of Coventry, near our 
Laboratories, are now available for offer to 
successful applicants, and this offer can only 
remain open for a few months. Applicants’ 
holiday yom pore 9 will receive special atten- 
tion. Reply stating age, qualifications and ex- 
perience to Pe-sonnel Manager. ~~, aan: 








CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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and savings up to 4/5 of the size and 5/6 of the weight in com- 

















parison with other storage batteries of similar capacities. 


The Venner silver-zinc accumulator is ideal when exceptionally 


high rates of discharge are a necessary requirement. 





WEIGHT AND SPACE SAVING IS 
VITAL IN MANY PROJECTS TO-DAY 











Write for Brochure VA/LM 


VENNER ACCUMULATORS LTD., 


Kingston By-Pass, New Malden, Surrey 
Telephone : MALden 2442 








the smallest 
single stage 

axial flow fan 
ever produced 
for electronic 
cooling and 

allied applications 


Type 2 PL 81 (23” diameter) 
OUTPUT : 44 CUBIC FEET OF AIR PER MINUTE 
AT 


0.25” S.W.G. 
MOTOR 24/28 VOLTS D.C. 
Full details and specifications of all axial flow models from:— 


CAMACK BROWNE LIMITED, 140, PARK LANE, LONDON, W.1. 


PHONE: MAYFAIR 4374. 
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SITUATIONS VACANT (Cont'd.) 





The engagement of persons answering these 
advertisements must be made through a Local 
of the Ministry of Labour or a Scheduled 
loyment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





ELECTRONICS ENGINEER required for 
development work on Magnetic Amplifiers for 
use in control systems. Experience of design 
and construction essential. Write fully stating 
gg qualifications and age, to Box 





ELLIOTT BROS. (LONDON) LTD., have the 
following vacancies in their Aviation Division 
at their Lewisham and Rochester factories: 
Ref:L.1. Lewisham Works. Senior Electrical 
Engineer required for the development of air- 
born electro-mechanical devices in the field of 
automatic control and instrumentation. Previous 
experience of servo-mechanisms is essential, and 
of aircraft instruments is desirable. Applicants 
should possess a good Degree and professional 
qualification. The post is a senior one in an 
expanding division of the Company and will 
call for initiative and versatility. Ref:R.1. 
Rochester Works. Senior Electrical Engineer 
required for the development of small electrical 
machines, such as A.C. servo motors, gyro- 
scopes and various data-transmission devices. 
Applicants should possess a Degree or equiva- 
lent qualification, experience in this field 
and preferably professional status. Ref:R.3. 
Rochester Works. Junior Electrical Engineer 
required for similar work to R.1. above who 
should possess a Degree or equivalent qualifica- 
tion. Applications quoting appropriate reference 
and giving full details of age, past experience 
and salary expected to Personnel Manager, 
Elliott Bros. (London) Ltd., Century Works, 
Lewisham, S.E.13. W 2529 


ENGINEERS: Mechanical and Electro- 
Mechanical, required at Brentford and Feltham, 
Middlesex, for interesting development work 
on aeronautical and marine products and 
guided missiles. Applicants must have appro- 
priate Degree or equivalent. Pension scheme. 

rtunities for advancement. Apply with 
full details of experience and salary required 
uoting No. 1098, to Personnel Mieanaer, Upiety 
yroscope Co. Ltd., Great West Road, 
Brentford, Middlesex. W 2441 


ENGINEER OR PHYSICIST with Degree, or 
similar qualification and some post-graduate 
experience of specialized audio-frequency cir- 
cuit design involving feedback amplifiers, filters, 
pulse techniques or allied subjects, required for 
interesting development work. Applicants 
should write, quoting ED/121, giving full de- 
tails of iy experience, etc., to Personnel 

-» E.M.I. Eng. Dev. Ltd., Hayes, Mid- 

x. W 2516 


ee ELE may co. LTD., Pp a 
n at its mew factory on_ the eshire 
Staffordshire border for a qualified engineer 
for development work on high wer. radar 
modulators and other electronic projects. Appli- 
cants should be experienced in design for 
Production and have a good knowledge of 
Circuitry. Salary range £ £800. Please reply 
to Dept., C.P.S., 336/7, Strand, W.C.2, quot- 
ing reference 921F. W 2523 


EXPERIENCED Radio Testers and Inspectors 
required for production of communication and 
radio apparatus. Also Instrument makers, 
wirers and assemblers for Factory Test appara- 
tus. Apply Personnel Manager, E. K. Cole 
Ltd., co Works, Malmesbury, Wilts. w 
146 


EXPERIENCED FAULT-FINDERS wanted by 
Midland Manufacturers of Radio Equipment. 
Permanent posts located in the Midlands are 
Offered to men with experience of Radar, 
Radio Control, V.H.F. uipment. Write 
stating fully, experience and salary required to 
Personnel Manager, Box No. W 2514. 





ELECTRONIC ENGINEERING 


EXPERIENCED VALVE ENGINEER required 
at Standard Telephones and Cables Limited, 
Ilminster, Somerset, to fill responsible —— 
Preference given to man with Ist or 2nd Class 
Honours. Salary according to ae 


FERGUSON RADIO CORPORATION LTD. 
have vacancies for the following staff. Develop- 
ment Engineers, Senior and Junior, for Radio, 
Television and Electronics. Previous experience 
circuit development work absolutely essential. 
Draughtsmen, _ yy in Radio and Tele- 
vision Receiver sign (and small mechanical 
details), able to prepare drawings for manufac- 
ture of prototype equipment. Apply in writing, 
Employment Manager, F.R.C., Gt. Cambridge 
Road, Enfield, Middlesex. Posts are permanent, 
progressive and pensionable. W 24 


GUIDED WEAPONS. Electrical Engineer or 
Mathematician with relevant postgraduate ex- 
perience, required for theoretical work on 
design of automatic control systems. Some 
knowledge of effect of noise on  servo- 
mechanisms an advantage. Senior staff appoint- 
ment with good salary and prospects. Pension 
scheme. Write in detail to Personnel Manager, 
de Havilland Propellers Ltd., ee 


H.F. INDUCTION HEATING CONTRACT 
ENGINEER. Duties involve receiving customers’ 
enquiries and/or samples, returning processed 
samples with. report and equipment quotation. 
Acknowledging customers’ order and _ issuing 
necessary information to works, D.O. and test 
room. Maintaining contact with customer. 
Ability to get on with other people and previous 
induction heating experience essential. Write 
giving age, past experience and salary required. 
Post in modern greenbelt factory with makers 
of one-third of all British R.F. heating plant. 
Radio Heaters Ltd., Wokingham, Ber' S ns 


H. M. HOBSON LTD., Fordhouses. Wolver- 
hampton have i diat i for two 
Electronic Engineers with sound knowledge of 
frequency and voltage regulation, small elec- 
tronic servo-systems, pulse and_ strain-gauge 
techniques. Some experience in electronic 
instrumentation would be an advantage. Appli- 
cants must be British and be graduates of the 
Brit.I.R.E. or possess equivalent qualifications. 
Age 20-30. Apply stating age, experience and 
salary required. W 1783 


IMPERIAL CHEMICAL INDUSTRIES 
LIMITED, Nobel Division, has vacancies for 
experienced Junior Electronic Engineers in its 
Industrial Electronic Laboratory. Applicants 
should have had at least two years experience 
in electronics, preferably in the industrial field. 

work involves development, installation, 
and maintenance of electronic equipment of all 
kinds. Education to Higher National Certificate, 
City & Guilds Final Certificate, or equivalent 
standard is required. Excellent working con- 
ditions with 5-day week and pension scheme; 
salary according to qualifications and experience. 
Application should be made to the Staff 

anager, I.C.I. Ltd., Nobel Division, 460, 
Sauchiehall Street, Glasgow, C.2. W 2520 








INDUSTRIAL ELECTRONICS & CONTROLS 
Chief Engineer. A leading manufacturer 
wishes to appoint a Chief Engineer of ex- 
perience and energy, capable of building and 
leading a team specializing in the field of in- 
dustrial electronics and controls on a broad 
basis. Applicants should have at least five 
years’ experience in a supervisory capacity 
within this field, as well as suitable qualifi- 
cations. The emoluments and future of a 
suitable appointee would be very attractive 
indeed. Applications will be treated in the 
strictest confidence and should be addressed, 
quoting reference EE/686 to The Secretary of 
the Board, Box No. W 2540. 





JUNIOR ELECTRONICS ENGINEER te- 
quired to assist in the development of an 
analogue computer. Previous development_ex- 
perience is essential and a knowledge of D.C. 
amplifiers would be advantageous. Applicants, 
who should be 21-24 years of age and hold 
the Higher National Certificate, should write 
uoting full particulars, to The Personnel 
ficer, Saunders-Roe Ltd., E. Cowes, Isle of 
Wight, ref. E.E/C.1. W 2511 


JUNIOR ENGINEER aged 22-25 required for 
high priority electronic and light mechanical 
work in equipment laboratory of Surrey factory. 
Previous experience essential and _ technical 
training to Higher National Certificate desir- 
able. No. W 1781. 


McMICHAEL RADIO LTD. require Senior 
and Junior Engineers in their equipment 
division laboratory at Slough. Training and 
experience in the field of applied electronics 
(including communications) and experience of 
working with Government Departments are the 
chief qualifications required. Write stating age 
and full details of eS qualifications and 
experience to the Chief Engineer, oe 
Division, McMichael Radio Ltd., ough, 
Bucks. W 157 


MESSRS. PYE LIMITED, Cambridge, have 
vacancies for Senior and Junior Test Engineers, 
also Electronic Wiremen, on very interesting 
work in their television transmission equipment 
Department. Apply in writing to Personnel 
Department, St. Andrew’s Road, —. 


MULLARD EQUIPMENT LIMITED require 
for their Line Transmission Dept., a Senior 
Transmission Engineer for development work 
on multi-channel carrier telephone systems. 
Applicants should possess a Degree or equiva- 
lent with suitable experience. Permanent pro- 
gressive positions. Superannuation, Canteen, 
etc. Apply in writing to: Personnel Dept., 
Mullard Equipment Ltd., 51/55, Garratt Lane, 
S.W.18. W 2535 


NELSON RESEARCH LABORATORIES, 
English Electric Company Ltd., _ Stafford, 
require Laboratory Assistants for special duties 
in connexion with High Voltage and Short- 
Circuit testing of Switchgear, Transformers and 
H.R.C. Fuses. —— should be studying 
for or hold the Ordinary National Certificate 
or Higher National Certificate in Electrical 
Engineering. Experience in the use of high 
speed oscillographs and transient recording is 
desirable but not essential. Apply, quoting 
reference 306 to Dept. C.P.S., 336/7 Strand, 
W.C.2. W 2541 


PETO SCOTT ELECTRICAL INSTS. LTD., 
have vacancies for T.V. Development Engineers 
of graduate and higher national standards. Also 
Radar Mechanics for work on ultra high fre- 
quency equipment. pate should — 

made to the Chief gineer, bai ro 
Factory. 2512 


PROJECT ENGINEERS (aged 28/38) required 
for development of small electronic, electrical 
and radio components by well-known manufac- 
turer: experience of this work and up-to-date 
manufacturing methods essential, academic_or 
professional qualifications advantageous. The 
positions are permanent and pensionable and 
salary commensurate with qualifications. Ad- 
vertiser’s staff are aware of the vacancies. 
Applications (which will be treated in _confi- 
dence) giving full details and an indication of 
the salary range expected to Box No. W 2509. 





QUALIFIED MECHANICAL ENGINEER with 
electronic and light electrical experience required 
by Company engaged in design and development 
of guided weapons; preferably with knowledge 
of servo mechanisms to take charge of iabora- 
tory engaged on the design and development of 
control systems, power supplies, electrical gyros 
and other ancillary devices. Salary up to £1,500 
p.a. for applicant with suitable qualifications. 
Pension scheme; housing assistance. Apply Box 
AC 80899, Samson Clarks, 57-61 Mortimer 
Street, London, W.1. W 2422 





RADIO & RADAR TESTERS. First class 
men required to work on V.H.F. Communica- 
tion Gear and Government Contracts for 
Radio and Radar Equipment by Midland 
Manufacturers. Men with wide experience of 
Fault Finding in any of the fields mentioned 
oot. write giving full details to Box No. 
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EQUIPMENT FOR NUCLEAR PHYSICS 


UUIUQVQQUOOULUUUANLTUU ANA 





SPECIFICATION 


INNNUUUNNNIH! 


Sensitivity. The minimum pulse amp- 
litude is 5 volts positive. The minimum 
operating pulse width is 0.25 micro- 
seconds with a minimum interval of 
1.5 microseconds between pulses. 


! 
| 


EKCO SCALER, TYPE N526 


This is a new general-purpose scaling unit, comprising 


Discrimination. The discriminator 
permits only those pulses whose amp- 
litude exceeds the pre-set level to be 
counted. The level can be set at any 
voltage from 5 to 50. 


two high-speed electronic decades followed by a resettable 
- Paralysis. The Scaler can be rendered 
inoperative for pre-determined 
periods between 5 microseconds 
and 10 milliseconds after receipt of 
an operating pulse. 


electro-mechanical register and incorporating pulse height 


discrimination and paralysis facilities. 
Stability. Mains variations up to 
+ 10% have no effect on the working 
of the equipment. 


The overall counting speed of the scaler is limited 


Built-in Test Facilities. Internal 
signals are provided at both the mains 
frequency and at approximately 3 
cycles per second. These can be used 
for visually checking the timing 
sequence and also for providing a 
rough check on the functioning of the 
discriminator circuit. 


by the mechanical register to about 1000 per second but can 
be improved by the use of an external high-speed 
register. Alternatively, scalers can be connected in series 


when evenly spaced pulses are counted 


External Power Supplies. Provision 
is made to supply power for operating 
an external quench unit or scintil- 
lation counter amplifier. 


Mains Input. |00-120 voits and 200- 
250 volts, 40-100 c/s. 


up to 600,000 per second. 


The new Ekco Scaler Type N526 is developed from the 
1009 unit which it replaces. 


PUUTTTTUTTTUULLTTUVLLTLUUCCeeUULTHUUUTGCeLTCCUUUTCCUUCCOUUHUUUMTOOULLHUUULCUUU ATCO DLHOUU TET 


SruLUUIMUIIAUUULUUUIINNNNNQNN0UUU00H0NNE0UTTTETLUULTTT LACUNA 


E KC 0 ELECTRONICS 


SCALING UNITS * SCINTILLATION COUNTERS * COUNTING RATEMETERS * RADIATION MONITORS * VIBRATING REED ELECTRO- 
METERS * G.M. TUBES * LEAD SHIELDING CASTLES * LINEAR AMPLIFIERS * COMPLETE COUNTING INSTALLATIONS * ACCESSORIES 


EKCO ELECTRONICS LTO. . SOUTHEND-ON-SEA . ESSEX 
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SITUATIONS VACANT (Cont'd) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 





TECHNICAL ASSISTANT. Electronic Labora- 
tory. Minimum standard H.N.C. Design experi- 
ence essential,» knowledge of Ultrasonics 
Techniques useful, Brixton area. Write giving 
full particulars, age, experience, salary required. 
Box No. W 2544. 


TELEPHONE ENGINEER required for panel 
layout and component engineering work on 
carrier-current equipment. London S.E. area. 
Quali ions: up to Higher National Certifi- 





RADIO RESEARCH DEPARTMENT, Junior 
Technical Assistant able to assist in as many 
as possible of the following: electrical and radio 
measurements, construction of prototype 
apparatus, preparation of reports, technical 
records, etc., generally to be useful in small 
laboratory. Ability to use metal and wood- 
working tools with some degree of accuracy 
is desirable and a knowledge of typing could 
be advantageous. Good education to matricu- 
lation standard and some knowledge of electrical 
theory essential. Female applicants would 
considered if Possessing typing experience and 
ood training in radio theory (e.g., ex 
.R.N.S., etc.). Full details of age, education, 
experience and salary required to Box No. 543, 
c/o Era Publicity Limited, 7 Fitzroy Squee 
London, W.1. 2497 


REQUIRED. Electronics Technicians for work 
in smail but rapidly expanding factory in West 
Surrey. Box No. 1734. 


RESEARCH AND DEVELOPMENT ENGIN- 
EERS are required by British Telecommunica- 
tions Research Ltd., a Company associated 
with The Automatic Telephone & Electric Co. 
Ltd., and British Insulated Callender’s Cables 
Ltd., for work on long term development pro- 
jects’ in Wide-band Line Communications. A 
number of posts with salaries in the range £500- 
£1000 per annum are available for suitably 
qualified engineers or physicists with experience 
in this field. Further sts are available for 
technical assistants with salary in the range 
£300-£600 according to qualifications and experi- 
ence. Applications are also invited from Honours 
Graduates in ics or electrical enginecring 
who are considering careers in the research or 
development side of the telecommunications 
industry. There is a superannuation scheme and 
the Company works a five-day week. Applica- 
tion should be made to the Director of 
Research, British Telecommunications Research 
Ltd., Tap! ow Court, Taplow, Bucks, giving age 
and full details of education, qualifications, 
experience and approximate salary eet sd 


SCIENTIFIC INSTRUMENT MAKERS _in 
North London have a few vacancies for skilled 
laboratory assistants and wire-men for the 
development and production of high quality 
electrical and electronic apparatus. Please apply, 
in writing only, stating qualifications, experience 
and salary required, to Personnel Officer, Hilger 
and Watts Ltd., Hilger Division, 98 St. Pancras 
Way, London, N.W.1. W 2410 


SENIOR, Intermediate and Junior Draughtsmen 
required by The English Electric Co., Ltd., 
Luton, for work on design of specialized elec- 
tronic equipment. Applicants should have sound 
mechanical background and _an interest in elec- 
trical or electronic work. Part time study for 
National Certificate encouraged. Applications 
from practical engineers without Drawing Office 
experience will also be considered for full time 
training course. Remuneration according to 
qualifications and experience. App'ications to 
Central Personnel Services, The English Electric 
Co. Ltd., Marconi House, 336/7, Strand, 
London, W.C.2, quoting reference 144]. 

W 2439 


SENIOR ENGINEER with several years’ experi- 
ence of television receiver design is required by 
a manufacturer in South West London. Write 
giving full details .- experience and salary 
required to Box No. 3498. 


SENIOR RESEARCH ENGINEER required to 
supervise gyroscopic development p-:ogramme. 
Appiicants must possess first rate academic 
qualifications and must have had considerable 
experience of laboratory research techniques, 
together with detailed experience of practical 
engineering design and industrial manufacturing 
Processes and knowledge of engineering 
materials. Understanding of instrument 
design techniques, servomechanism theory, and 
electronics desirable. Company is_ situated 
West side of London. Apply with full details, 
including salary, quoting No. 1405 to Box No. 
AC 82000, Samson Clarks, 57/61 Mortimer 
Street, W.1. W 2515 


ELECTRONIC ENGINEERING 


cate, and experience of transmission or elec- 
tronic apparatus work desirabie. State +. and 
commencing salary required. Box No. 3. 


TEST ENGINEERS are required to assist in 
the production of a variety of precision elec- 
tronic laboratory instruments. Previous Test 
Department experience essential, (preferably 
in connexion with electronic measuring instru- 
ments). Salaries in the range £440-£520 p.a. 
according to qualifications and experience. 
Apply stating full details to the Chief Engineer, 
Furzehill Laboratories Ltd., Boreham Wood, 
Herts. W 172 


THE DE HAVILLAND ENGINE CO. LTD. 
Electronic Engineer required, interested in 
physical measurement rather than construction 
of apparatus, required for vibration measure- 
ment and analysis on gas turbine and piston 
engines. Please write in confidence stating age 
and full details of previeus experience to the 
Personnel Officer, The De Havilland Engine Co. 
Ltd., Stag Lane, Edgware, Middlesex. W 2386 


THE ENGLISH ELECTRIC Co., Ltd., Luton, 
have vacancies for Electronic ‘Engineers for 
development work on Radio Sub- 
miniature equipment and/or recording tech- 
niques. Some Field Trials engineers and 
assistants also required. Applications stating age, 
experience and qualifications, and quoting ref. 
456L, should be sent to Central Personne! Ser- 
vices, English Electric Co., Ltd., 336/7, Lp =F 
London. W.C.2. W 2381 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
have vacancies for Electronic Engineers for 
work in Australia on Sub-miniature 
equipment with Trials applications. Assistance 
with housing will be provided. Applications 
stating age, experience and qualifications should 
be sent to Central Personnel Services, 336/7, 
Strand, London, W.C.2, quoting ref. 456. 

W 2468 


THE ENGLISH ELECTRIC CO. LTD., Luton, 
have a vacancy for a Designer of low power 
(up to 1 kW) low frequency Transformer and 
chokes. Previous experience very desirable and 
applicant should be thoroughly familiar with 
winding and impregnation processes. Varied 
interesting work involving development of a 
number of designs for small quantities. Apvly 
auoting Ref. No. 1137 to Dept. C.P.S. 336/7, 
Strand, W.C.2 W 2524 


THE GENERAL ELECTRIC CO. LTD.., 
Brown’s Lane, Coventry, reauires Senior and 
Junior Electronic Deve.iopment Engineers for 
work on Guided Weapons and like proiects, 
particularly in the field of Microwave and Pulse 
App'ications. Mechanical Development Engineers, 
Designer Draughtsmen and Draughtsmen, pre- 
ferably with experience of Radar type equip- 
ments, also required for the above projects. 
Salary according to age, qualifications and 
experience. Houses available for se‘ected senior 
staff. Apply by letter stating age and experience 
to the Personnel Manager (Ref. R.G.). W 169 


THE RESEARCH & ARMAMENT Develop- 
ment Division of the Fairey Aviation Co. Ltd., 
offers work of exceptional interest and oppor- 
tunity to the fo:lowing: Electronic Engineers to 
become Section Leaders of teams working on 
field trials of guided weapons. Applicants 
should have at least H.N.C. and five years’ 
experience of electronic development in the 
micro-wave, pulse or communications field, and 
be capable of taking responsibility for the 
serviceability of weapons for trials, and of 
undertaking parallel development work in the 
laboratory Applicants may have the oppor- 
tunity of carrying out some of the work in 
Australia at a later date. Good salaries. Scope 
for advancement. Pension scheme. Application 
should be made to the Assistant Manager (A), 
The Fairey Aviation Co. Ltd., Dept. E, 
Research and Armament Development Division, 
Heston Aerodrome, Hounslow, ae 


VACANCIES are availab!e in the Transmission 
Department for: (1) Development engineers, 
experienced in the design of multi-channel 
carrier telephone systems, or in allied tech- 
niques including amplifiers, filters and radio. 
(2) Equipment engineers, with such knowledge 
of modern line communication practice as = 
enable them, after training in the cc 


methods, to prepare detailed specifications of 
equipment requirements and to _ develop 
arrangements for rack-mounting of the appara- 
tus. (3) Draughtsmen to work with the 
engineers, preferably having experience in the 
telecammunications industry. The positions 
available are permanent, on full established 
staff status, with contributory Pension Fund 
and usual staff conditions. Please write to Per- 
sonnel Manager, Automatic Telephone & Elec- 
tric Co. Ltd., Liverpool 7, giving full details 
of experience, qualifieations, age and ap po 
mate salary sought. 2 


VACANCIES exist in junior research positions 
in solid state phyics. Applicants should have a 
Degree in physical or in organic chemistry or 
physics. Previous research in this field an 
advantage, but not essential. Age range 20-30. 
Salary £450 per annum and upwards according 
to experience. Write giving full details to the 
Personnel Officer, Ericsson Telephones Limited, 
Beeston, Nottingham. W 2533 





A further classified advertisement appears 
in display style on page 74. 








SITUATIONS WANTED 





DEVELOPMENT ENGINEER, B.Sc., M.I.E.E. 
20 years’ experience instruments, test gear, 
components, electro-mechanical devices, nuclear 
physics, etc., seeks change. Part-time con- 
on. Preferably London area. Box No. 


TELECOMMUNICATIONS ENGINEER who 
is at present leader of a section designing multi- 
p'ex radio equipment and who has had ex- 
perience with precision frequency drive 
equipment, WHF/SHF communications and 
television desires appointment in Malaya, 
Singapore or Ceylon. Box No. W 1738. 





WANTED 





BACK NUMBERS of Electronic Engineering. 
The Publishers will buy copies of certain back 
issues of ‘‘ Electronic Engineering ’’ provided 
that they are in good condition. Details, in- 
cluding date of issue should be sent to Circu- 
lation Manager, 28 Essex Street, Strand, 
London, W.C.2. W 2059 


WANTED WASTE MERCURY. Aircraft 
Sparking Plugs, Contacts, Points and. Scrap 
Materials containing Gold, Silver, Platinum, 
also non-ferrous scrap. Forward samples: 
immediate attention. Belgrave Buyers (EE) 

Belgrave Gardens, London, N.W.8. MAI. 
7513. W 1733 





FOR SALE 





A HIGH VACUUM Impregnation Unit—to 
R.1.C. Specification 214 or individual require- 
ments. Good delivery at competitive prices from 
Blickvac, 505, Lordship Lane, S.E.22. er 
Hill 7089. W 166 


CATHODE RAY TUBE TRACES. By H. Moss, 
Ph This monograph is based on a series of 
articles published in “‘ Electronic Engineering °’ 
and contains the elementary theory of common 
types of traces with notes on their production. 
Considerable emphasis has been placed on the 
geometrical interpretation of the patterns and 
full notes on the techniques of the circuits 
required for the high degree of suitability are 
given in the appendices at the end of the book. 
Price 10s. 6d., postage 6d. Obtainable from 
— Engineering,” 28 Essex Street, 
Strand. 





ELECTRONIC COMPONENT SUPPLIES. We 
specialize in the supply of Electronic Compo- 
nents, Accessories, Test Equipment, etc., for 
Government Depts., Industrial Concerns, Re- 
search Establishments, Laboratories, Colleges, 
etc. Your enquiries and orders will receive our 
prompt attention. Holiday & Hemmerdinger 
Ltd., 74/78 Hardman Street, Deansgate, Man- 
chester, 3. Tel.: Deansgate 4121. W 148 








CLASSIFIED ANNOUNCEMENTS 
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SOLARTRON ANNOUNCE 


The New STAND No. 10G 
Phase Sensitive Voltmeter British Instrument 


Industries Exhibition 


Model VP 250 June 30th—July 11th 


SOLARTR, 
ION LABORATORY INSTRUMENTS LTD, 


PHASE SENSITIVE VOLTMETER 
Mode} vp.25o 











Note these features: 





aa 
% Simultaneous display of reference and quadrature ‘“* quadrature ” components of an applied test voltage, 
eee on 6-inch centre zero meters — with respect to a given reference voltage. Provided 
; the latter is of sine wave form, the readings will not 
%& Seven half decade sensitivity ranges covering be affected by harmonics or spurious frequencies 
15 mV—15 Volts full scale. 7 P a ‘ 


% Constant 50 megohms input impedance for both 
reference and signal channels. 


An ideal instrument for the measurement of trans- 
mission characteristics of amplifiers, networks, 
transformers, high-speed servo systems, etc., its 
resolved component presentation with harmonic 
free response makes it a suitable detector for A.C. 
Covering a frequency range of 20 c/s—20 Kc/s this strain gauge systems or for any pick-up with an A.C. 
instrument will measure the “in phase” and output. 


% High accuracy not affected by harmonics in 
signal under ‘test. 


Other Solartron Instruments : 


Laboratory Amplifier sea AWS.S1\A. 
— es ee ee eee Video Amplifier Model AWS.52. 
-— See a is, ils Wide Band Power Amplifier Model AWS.53. 
bee Pulse Generator Model OPS.100A. 
Wide Range Oscillator Model OS.101. 
(SOLaRTB Regulated Power Supply Model SRS.151. 
Wide Band Attenuator Model AT.201. 
Twin Regulated Supply Model SRS.152. 
eae aa aaa Varipack Model SRS.153. 


SOLARTRON LABORATORY INSTRUMENTS LTD. 
22 HIGH STREET KINGSTON SURREY. TEL. : KINGSTON 8981. PBX. 
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C. J. Dickinson, B.A., B.Sc. (Magdalen 
College, Oxford). Price 12s. 6d. The author 
describes the use of electronic methods as 
applied to research in Neurophysiology. Chap- 
ters are devoted to amplifying, recording and 
Stimulating techniques used in physiology and 
medicine (e.g. electrocardiography, electroence- 
phalography, etc.). Obtainable from ‘* Elec- 
tronic Engineering,”’ 28, Essex Street, Strand. 


MAGSLIPS at 1/10th to 1/20th of list prices. 
Huge stocks. Please state. requirements. K. 
Logan, Westalley, Hitchin 1744, Herts. W 116 


MINIATURE BALL BEARINGS, Steel Balls, 
Stainless Steel and Phosphor Bronze Balls. 
Prompt delivery. Distributors: Insley (London) 
Ltd., 21/22 Poland Street, London, W.1. Tel.: 

GERrard 8104 and 2730. W 155 


PHOTOCOPIES. Students orm. etc. Size 
for size prints (max. 10” x 8”) 5s. pair. - 
a S.A.E. for details. Box No. 


RESISTANCE STRAIN GAUGES. By _ J. 
Yarnell, B.Sc., A.Inst.P. Price 12s. 6d. This 
book deals in a practical manner with the con- 
struction and application of resistance gauges 
and with the most commonly used circuits and 
apparatus. The strain-gauge rosette, which is 
finding ever wider application, is treated com- 
prehensively, and is introduced by a short 
exposition of the theory of stress and strain in 

a surface. Obtainable from ‘‘ Electronic Engin- 
oui. * 28, Essex Street, Strand. 


SINE-COSINE Potentiometers, Magslips, 
Selsyns, Ipots, Velodynes and equipment and 
components for automatic control. Servotronic 
Sales, Inc. Hopton Radio, No. 1. Hopton 
Parade, Streatham Road, London, S.W.16. 
STReatham 6165. our advertisement on 
page 80 W 2502 


SINE-COSINE RESOLVERS (3” Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker's tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P. B. reed 166 Pixmore Way, 
Letchworth, Herts W 153 


WEBB’S 1948 Radio Map of the World, new 
multi-colour printing with up-to-date call signs 
and fresh information; on hea art paper 
4s. 6d., post 6d. On linen on rollers Ils. 6d., 
post 9d. W 102 





SERVICE 





REPAIRS AND MAINTENANCE to all types 
of electronic equipment and precision instru- 
ments. Enquiries invited from industrial users, 
government depts., 1 and educational 
establishments, etc. on Radio he “4 
Ltd., Industrial Equipment 

Wellington Street, S.E.18. Phone: WOO 2749: 


MANUFACTURES. As specialists in all t: 

of Sheet Metal Work “a5 the Radio and 
trical Trade we are able to quote you very ieee 
prices for a high quality job. Intensalite Sign 
and Fixture Co. Ltd., 89, Leopold Street, a 
mingham, 12. Telephone Vic. 0065. WI 





PLATED NUTS, Screws, Washers, bot, 
Soldering Tags, Hank-Bushes, _ Self-ta 
screws, Grub-screws, Socket-screws, cote 


screws. Large uantities or gross cartons. 
ee for A inden Components, Limited, 
tea , Churchfield Road, Acton, W.3. 
ACOrn 812 W 1732 
SUB caunaniieltias WORK UNDER- 
TAKEN. Radio Chassis, etc., in steel and 
aluminium. Highest quality’ wiring and 
assembly. All to specification. Brandenberg 
Designs, Limited, 196 Dawes Road, London, 
S.W.6. W 2528 





EDUCATIONAL 





CITY OF COVENTRY Education Committee. 
Coventry Technical College. Session 1953-54. 
Electronic Engineering. Applications are invited 
for entry to the next 3-year full-time course 
commencing in September, 1953, from those 
requiring a comprehensive training to an 
advanced level in Electronic Engineering, to 


qualify them for technical posts in radio, tele- 
communications, television and industrial elec- 
tronics. The syllabi us will cover the requirements 
of C. & G., Brit.I.R.E., and I.E.E. examina- 
tions. Entry’ age 16 years or over. Application 
forms and further information available from 
= dagge a Coventry Technical College. W. L. 

hinn, A., Director of Education, a 
nese Coventry. 1708 


CITY & GUILDS ag oy etc) on ‘‘ No 
Pass—No Fee ’’ terms. Over 95 per cent suc- 
cesses. For full details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—Free and post free. 
B.I.E.T. (Dept. 337C), 17 Stratford Place, 
London, W.1. W 142 


FREE. Brochure giving details of courses in 


eR eee and Electronics, covering* 
sit 


Brit. y and Guilds, etc. Train 
on the Postal Training College operated by 
an Industrial Organisation. Moderate fees. 
E.M.I. Institutes, Postal Division, Dept. EE29, 
~ Grove Park Road, London, W.4. (Associate 

f'H.M.V.). W 2808 





THE POLYTECHNIC, 309 Regent Street, W.1. 
Electrical Engineering Department. Head of 
Department: W. H. Date, B.Sc.(Eng.), 
M.I.E.E. Full-time day courses are provided 
in Electrical and Telecommunications Engineer- 
ing. The courses, which extend over a period 
of three to four years, prepare for the Higher 
National Diploma and professional examina- 
tions and for the B.Sc.(Eng.) Degree of _ 
University of London. Ste 1953-54 begin: 

on September 22nd, 1953. Evenin Comes 
in the above subjects and also in Radio and 
Television Service Work commence on Monday, 
28th September. The courses prepare for the 
Ordinary and Higher National Certificates and 
for the City and Guilds of London Institute 
examinations. New students will be enrolled 
on 23rd September, 5-8 p.m. Prospectuses 
may be obtained on application to the under- 
signed. J. C. Jones, Director of Soneree. 

















BRITISH DRIVER-HARRIS COMPANY LTD. 


“THE ELECTRICAL ALLOY DATA BOOK” 


Nickel Alloys 
of extreme purity 


FOR VALVES AND LAMPS 


MANCHESTER [5 


Copies free on request 


Meeting the peculiar prob- 
lems involved in the manu- 
facture of valves and lamps 
calls for the most stringent 
standards in the production 
of cathode nickels, gridnic 
wires, support wires and 
plates. We have long ex- 
perience of those problems 
and our advice is always 


available. 


Have you, by the way, had 
details of our alloys for 


glass/metal seals ? 


THE GREATEST NAME IN 


NICHROME: 


8 
StcisTento tance Me 


ELECTRICAL RESISTANCE 
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“ TELETUNER” 


(TRADE MARK) 


Type TV.12 








Instant, single-knob selection ! 


Select a frequency in the 50-220 Mc/s range—select any one of 
twelve in fact—and this new Cyldon Multi-channel ‘‘ Teletuner ’’ 
will handle it. This compact two valve unit performs the 
functions of R.F. amplifier and frequency changer in a television 


receiver. 


Instant, single-knob channel selection is made by a rotating 
turret containing twelve aerial and twelve R.F. coupling and 
oscillator coils, each coil being mounted on a low-loss bakelite 
contact strip and retained on the turret by means of a 
phosphor bronze clip. All circuit switching is accomplished 
by means of eleven spring pressure contacts, rotation of the 





Underside view of Cyldon TV.12 ‘‘ Teletuner,’’ with casing removed. 


Another new Cyldon ‘‘Teletuner’’... Type TV.5. 
Gives instant selection of any one of the five B.B.C. 
Television channels. 

Write for booklet TV.1953 giving full details. 








ce aeie hb Mawes item Ceatractors te Ministry ef Supply, 
rv SONS, itp Office, and ether HM Government Depts 


CAMBRIDGE ARTERIAL ROAD~: ENFIELD: MIDDX. Enfield 2071-2 














turret bringing the coils for the desired channel into circuit 
and leaving the remaining eleven completely isolated. High 
efficiency with low losses is thus obtained, together with great 
flexibility, and the tuner can be supplied to cover television 
transmissions from any of the systems used throughout 
the world in the carrier frequency range of 50-220 Mc/s. 


CIRCUIT DESCRIPTION 





The signal input to the tuner may be made either at an impedance of 
300 ohms balanced with respect to earth, or at 75 ohms unbalanced. 
The R.F. amplifier uses a double triode valve in a cascode circuit with 
neutralizing on the input triode, so enabling a low noise figure to be 
obtained. Provision is made for the use of A.G.C. on this valve. 


The frequency changer uses a triode-pentode valve with inductive 
injection of local oscillator voltage. Bandpass coupling is used between 
the R.F. amplifier and mixer stages, giving good curve-shape characteris- 
tics which assist in the prevention of adjacent channel interference. 


Fine adjustment of the local oscillator frequency is provided by a variable 
dielectric trimmer capacitor, the spindle of which is brought out 
concentrically with the main channel selector spindle. 


Extensive shielding, both internal and external, is provided, together 
with bypassing of A.G.C., H.T. and heater feeds to reduce oscillator 
radiation. 


Signals at intermediate frequency from the mixer anode may be fed to 
the I.F. amplifier at either high impedance or at 75 ohms, the coupling 
transformer being incorporated in the tuner chassis. The intermediate 
frequency is in the range 40-47 Mc/s. 


Supplies required to the tuner are 220 volts H.T. 16 volts at .3 amps, 
the heaters being series connected, and an-A.G.C. line with a standing 
voltage of —1.5 volts. 
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with 

sufficient scope 
for YOUR 
requirements ! 





When purchasing a Valve Tester 
ask the following questions:— 


Is it a simple Go/No Go instrument, or will it enable you to taxe 
measurements at any point on a characteristic curve ? 


The ‘“‘ AVO” Valve Characteristic Meter can be set up 
in a matter of seconds and used as a simple Go/No Go 
tester if required. It will, in addition, produce sufficient 
information to enable the valve’s static characteristic 
curves to be plotted. 

Does the instrument depend for its operation on pre-determined em- 
pirical data issued by its manufacturer ? 

The ‘“* AVO ” Valve Characteristic Meter simulates nor- 
mal working conditions for the valve under test and thus 
is capable of reproducing the valve manufacturer’s data. 


Will a high slope valve, when placed in the instrument, burst into spurious If you are called upon to select a pair of accurately matched valves, will 
oscillation, thus giving rise to incorrect readings and possible damage the valve tester carry out the required checks, and maintain your reputa- 
to the valve ? tion as an expert ? 

The ‘“* AVO ” Valve Characteristic Meter incorporates a The “ AVO” Valve Characteristic Meter enables the 
specially designed panel layout and wiring system (prov. slope, and anode, screen, or grid current of a multi- 
patent) which virtually eliminates spurious oscillation. electrode valve to be checked with any voltage between 
Does the instrument contain valves which may need replacing from time 0 and—100V on the control grid. 

to time ? Before any information can be obtained about a valve, must the instru- 
With the exception of a small protection diode, there are ment be provided with a complex series of accessories which may become 
no internal valves to deteriorate or break down and ok eee ee 
Comms P nae poarn readings to - _— em oti iain’ The ““AVO” Valve Characteristic Meter is provided 
Sas ee a with two handbooks. The first gives detailed informa- 
Will ~~" eased detect grid current and indicate its direction and tion on the technique of valve testing, full circuit dia- 
magnitude ‘ : . * 

HE RR 5 PE eS grams and adequate operating instructions. The second 
The — tee cs yc “rye will indicate - is a quick reference Data Manual covering more than 
direction of flow of grid current and give its magnitude 3,000 British, American and Continental valves, and gives 
in microamps. inter-service equivalents. The Valve Data Manual is 


Does the instrument test diodes and rectifiers under load ? he 
The “AVO” Valve Characteristic Meter checks 
diodes and rectifiers under load conditions. 


issued for the convenience of the instrument user, but 
even without it valves can, if necessary, be checked 
using data taken from the valve maker’s data sheets. 







cathode/heater insulation with the valve hot, and indicates 
any breakdown below 10 megohms. It will carry out tests 


on small thyratrons, tuning indicators, etc. It is fitted with 4) 

bases for most valves in current use and adaptors will be ¢ HA RA CTERIS Ae 
available to keep the instrument fully up-to-date should new 

bases come into use. A special form of polarised relay is ‘ape 

incorporated to give protection against inadvertent over- [// y 7) 

loads or valve failure. L¢ Z Z, 


Write for fully descriptive literature 


The “AVO” Valve Characteristic Meter measures inter- & 
electrode insulation in megohms with valve cold or hot, also Vy A ie 





THE AUTOMATIC COIL WINDER & ELECTRICA QUIPMENT CO. LTD. 
WINDER HOUSE ¢ OOQUGLAS STREET + LONDON SW.1 é ME VICtoriad 3404—9 sour 





vc.5 
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The natural 


radtoelements 





RADIUM * Even in these days of man-made isotopes the historical 
RADON natural radioactive elements are still indispensable to 


the physicist, the radiotherapist and the technologist 


RADIUM D in industry. Here at the Radiochemical Centre we have 
POLONIUM a long experience of these materials and are now 
MESOTHORIUM applying to their production many of the new tech- 
RADIOTHORIUM ‘niques developed in connection with pile-produced 


isotopes. Thus we are able to supply the natural radio- 
THORIUM X elements in a purer state and a wider range of physical 
THORIUM B forms than ever before. 


as Q-emitters, as B-emitters 





as Y-emutters, as neutron sources, 


as emanating SOUYCES 


WLLL. 


* (Appliances containing over 1 mg. of radium are supplied to United Kingdom institutions 
only on loan. For owners or suppliers of radium elsewhere we supply appliances and undertake 
their loading. We also recover radium from old appliances.) 





For further information please write to:— 


THE RADIOCHEMICAL CENTRE, AMERSHAM, BUCKINGHAMSHIRE, ENGLAND 














Seriimemmmmemmememionameneninm rine i lc alee —— 
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in design— 
and performance! 


TYPE W97 





HUNTS “THERMETIC” MIDGET METALLISED PAPER 
CAPACITORS WITH A TRUE HERMETIC SEAL 


TEMPERATURE RANGE: —100°C to + 120°C 
and to CATEGORY ‘A’, CLASS H.1 


With the hitherto unattainable temperature range of TYPE W97 STANDARD RANGE 
100°C. to --120°C., Hunts W.97 ‘‘ Thermetic "’ midget LIST CAP UF. DIMENSIONS (inches) 
metallised Paper Capacitors are to Category A (100°C.) en heme. sete me hs 
Class HI (84 days tropical exposure) and are the smallest cm ta hk 
capacitors for their rating to this, the most stringent oo oe ee 
test condition of the R.C.S.C. Specifications. oe oe oe OMS 
Construction is the well known Hunts “* castellated " oe. aes ee a 4 
metallised paper with rugged end connections ensuring as ae pyrhd Hee 
freedom from intermittent open circuit and open circuits on Ss 
at low voltage. The capacitor unit is sealed in a metal 400 voles D.C. Wkg. up to 100°C. 
tube with Hunts ‘* Thermetic ‘’ compound, which also os eee ee ee 
ensures mechanical rigidity of the end wires thus avoiding oe meet ait 
any reliance on foil and wire contacts for mechanical a ae rend eo 
strength. B20 0008 =D 
W97 Capacitors are non-inductive and suitable for eine: rg ee 
operation at frequencies up to and in excess of 200 mc/s. 00 voles 0; . Wis, wie 10n'C. 
They are impregnated with a new material which is wn eee ee 
absolutely stable over the specified temperature range, oR a fey 
and the temperature/capacitance co-efficient is infinitely a ae CO oa ae 
superior to other types of capacitors in this class. BM2, 0.0002 eto 0.135 
This unique capacitor is designed to withstand very gras 000220008 
é BM29 0.00025 0.500 0.180 
high rates of **g’’, its rugged construction enabling it to be — BM}, 9.000310 0.135 
used in equipment where such conditions are encountered. BM36 00004 0.500 0.180 
BM3! 0.0005 0.500 0.180 
W97 can be supplied with a transparent oustes sleeve a aoe i eae 
where insulation of case is required. EE Het ier 


A. H. Hunt (Capacitors) Ltd, Wandsworth $.W.18-BAT 1083 


CAPACITORS 


THE TRADE MARK OF RELIABILITY 
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electronic engineers 









This G.E.C. folder forms an invaluable reference to the 
latest developments in the field of electronic devices. It 
contains brief specifications, screen characteristics, pin 
connection tables etc. and is available free on application. 
Fuller details of all the electronic devices described in this 
folder can also be supplied. 


Write to the Osram Valve and Electronics Dept., 
for folder OV 1782 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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In this Age of Plastics, industrial 
users are daily finding new uses for 
precision moulded components. Micrometer 
accuracy, with the finest of tolerances, are 
demanded as normal, and nothing less 
exact is acceptable. 


Radio and electrical appliance manu- 
facturers know the quality and precision 
of PRESTWARE products. They know 
from experience all that the name 
PRESTWARE means—teliability in 
moulding, and first-class service. 


Our technicians are at your disposal to 
advise and solve your moulding problems 
and to suggest fresh uses and applications. 


Approved Suppliers to H.M. Government 


sates 
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Lombard Road, London, S.W.19 
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Precision 
Plastic 
Moulding! 


Telephone LIiBerty 3421 
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The 


Saunders-Roe 
Displacement 
Indicator 


This instrument and its associated pick-offs 
have been designed to afford a degree of stability and 
linearity of calibration at least as good as that of a 
mechanical extensometer. In addition the maximum 
possible measuring flexibility and adaptability have been incorporated. It is normally supplied for 
two channel working but additional channels up to a total of six can be made available if desired. 
Displacement is indicated as deflection on a panel mounted 0-1 milliameter and additional facilities 
are provided to connect the output stages to suitable direct recording equipments. 






THE PICK-OFFS 

In order to secure linearity of calibration within 
a wide working range, the pick-off unit consists electrically of a 
constant impedance inductive half-bridge unbalanced by move- 
ment of a magnetic material in proximity to the inductive 
elements. Whilst this system is considerably less sensitive in 
terms of mechanical displacement/electrical output than the 
conventional differential transformer, it does provide extremely 
good linearity over a wide range, which is considered to be a 
prime feature in this type of equipment. The pick-offs may be 
used singly or in pairs. Paired use is a particularly valuable 
application, for instance, in process control, where dimensional 
monitoring is required in the absence of a convenient datum, 








An Inductive Pick-off 
e.g. plastic extrusion, wire drawing, foil rolling, etc. 

GENERAL SPECIFICATION 
The instrument is engineered to the standard of robustness necessary for general industrial use. All 
electronic circuits are carefully stabilised against mains supply variations, and components are of high quality 
and stability. ALL SALES ARE SUBJECT TO THE COMPANY’S STANDARD CONDITIONS. 





INSTRUMENT PICK-OFF 
Dimensions: ween 10.5 in. Length: 17 in. Depth: 9 in. Dimensions: ... ... ... Length: 2.35 in. Dia: .90 in. 
Weight: ... ... di sis cus 2 3Gs6 We bes BE.) Mounting flange: 1.30 in. dia. 
Power Supply: ... ... 115-230 volts, 50-60 c.p.s. A.C. Weight: ... ... ey Satie ae ys 
Measuring frequency and range: ... Max. 600 c.p.s. Weight of moving ehment:. ain aiatiainnie 2.5 grams. 
Measuring ranges:... ... ... Bige$: — 0-.050”. 
Other raages available: tee «ss 0-0.10” 





SAUNDEBS BOW bwwp 


ELECTRONICS DIVISION 


OSBORNE ° EAST COWES * ISLE OF WIGHT 
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There’s more in 
resistance work 
















—Resistance Boxes and Units 
Slide Wires 

Fixed Resistors 
Attenuators 

Potentiometers — 


than meets 
the eye 


THE A-5 RANGE Reliability, stability, accu- 

















type] Regueance | Currecor | Ascracyo are these are the 
t 
Me Sete Naan features no photograph can 
A-5-A | 10x 0-1 ohms O75A L05%¢ reveal..... features for which 
A5-B | 10x 1 ohms 07a | s01%9 Muirhead products have long been 
noted. 
A-5-C | 10 x 10 oh 025A oI%, 
Tatas ‘ Take, for example, the A-5 Decade 
A-5-D | 10 x 100 ohms 75 mA 401% Resistance Unit illustrated; high 
pie: Leeneanianida Sen 201% accuracy resistors wound on ceramic 
cards ensure a low inductance and 
A-5-F | 10x 10,000 ohms [7°5mA or 250V 401% d - ss 
time constant; a robust self-cleaning 
pind catemvacenned lacmtaetnente Gentil switch reduces maintenance to a mini- 










mum, and both switch and resistors have 
been designed to give a low and _ stable 
“zero’’ resistance. 


* Slight allowance for switch contact resistance variations must be made. 


Write for Publication 1622 


MUIRHEAD & CO. LTD. BECKENHAM - KENT - ENGLAND 
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A Technical Handbook 


for Electronic Engineers 


This Handbook contains the fullest information about all types of 
Ferranti Valves and Cathode Ray Tubes, giving for each type complete 
data such as physical details, base connections, ratings, operating 
conditions, with graphs, etc., where necessary. 

The whole is a most valuable book of reference to the electronics 
engineer. It is in loose-leaf form, so that new data can readily be 
inserted. 


Price 5/- 


Additional data sheets will be issued to subscribers 
from time to time 













MOSTON ¢ MANCHESTER 10 


London Office: KERN HOUSE 
36 KINGSWAY, W.C.2 








FEISS 
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First and foremost... 


eomoen 





CLAROSTAT ' 
TYPE « 58’ 
WIRE-WOUND POTENTIOMETER 








We are proud to introduce the CLAROSTAT Type 58 
Wire-Wound Potentiometer, designed by the world’s 
foremost Potentiometer manufacturers and pro- 
duced for the first time in this country. The Type 58 
has many features which will immediately appeal to 
the discriminating user. 


Features 


x Rated at 3-watts and avail- 
able in all values up to 
100,000 ohms Linear. 


into bakelite casing, cannot 
loosen or turn. Connected 
to fixing bush providing 
automatic ‘‘ grounding ”’ 
%& Special windings are avail- of cover. 
able to requirements. 

%& Obtainable with single or 
% High Grade Bakelite Cas- double pole mains switch. 
ing, of rugged construction. 


Solder Tags heavily silver % Dimensions : Diameter 
plated and of special design 1% in. Depth of case 
making them completely without switch 4% in. 
immovable under all con- 
ditions. %* Samples and full specifica- 
tions available on applica- 
%& Metal cover firmly keyed tion. 






Cw) 
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WHOLESALERS 


CLAROSTAT. Type 
58 Wire-Wound 
Potentiometers are 
supplied individually 
packed in attractive 
printed cartons. 
Delivery is prompt. 
Write for price list 
and details of very 
attractive trade 


terms. 

















+ Regd. Trademark. 


S 


ven oT 


DUCT 


Gi METAL PRO 
ie) Berkeley St 


LIMITED. 


London, W | 


§206//7 
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ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/8 








ADVANCE 


The Advance type H1 Audio 


Signal Generator completely covers the 
unusually wide range of 15 c/s to 50.000 c/s. T Y P re be Fs 
It is characterised by its extremely low 
distortion and level output over the 

entire range ; provides both sine 

and square wave output. A robust, 

reliable and accurate instrument for 

the discriminating service engineer 

@ Accuracy + 1%, + 1 c/s. @ Distortion less 
than 1% at 1,000 c/s. @ Output from 

200 microvolts to 20 volts with accuracy of 


+2db. @ Weight 14 lb. @ Size 13}" x 10}" x8" 


Advance 


Full technical details 
available in Folder S.16/M. au d io g enerator 





ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, LONDON, E.17 Telephone : LARkswood 4366/7/8 
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uy MPIA-LONDON 
PTON.30-JUL.I1'S3 


STAND N? 3c 





R. C. OSCILLATOR 
AND AUTOMATIC 
( FREQUENCY MONITOR 





An instrument of exceptionally high accuracy and stability—the output F 


frequency of which is automatically measured and presented in decimal notation 


Range 10c/s to 100kc/s c 
Accuracy +0.005% 
4 Output 0 to 30 volts r.m.s. metered 
(- 


Attenuator 0 to 110db in ldb steps (constant 6002) 


Ay 


The equipment will measure any frequency in the range 10c/s to 
100kc/s and any time in the range 10usec to 10‘sec both to an accuracy within 


+0.005%. It will also count up to a maximum rate of 10° pulses/second. 


GIVNEMA-TELEVISIOW LIMIreD 


A Company within the J. Arthur Rank Organisation 


WORSLEY BRIDGE ROAD : LONDON <: SE26 


Telephone HiTher Green 4600 





00000 


SALES AND F. C. Robinson & Partners L'd., Hawnt & Co., Ltd., Atkins, Robertson & Whiteford Ltd., 
SERVICING AGENTS 287 Deansgate, Manchester, 3 89 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2. 
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For studying research and production problems arising in THE NUFFIELD ORGANISATION, 
the versatile Cossor Double Beam Oscillograph is used. In the 

investigation of Shock Absorber Noise, a screened microphone detects 

the audible effect of operation which is displayed on one of the 
Cathode Ray beams whilst on the other, the maximum deflection 
amplitude of the Shock Absorber is shown. By 
photographing these two related effects with the 
recording film camera, Model 1428, and adding 

a third Time Marking Trace to the photograph 
a valuable performance assessment is 
realized showing the precise 
interrelation of Noise, Stroke 

and Time. 


In displaying 
simultaneously the mutual 

effect of two related and variable 
quantities the Cossor Double Beam 
Oscillograph is solving many of the 
fundamental problems with which the research 

and development scientist is constantly beset. In addition, 
workers in every branch of Industry are realizing the infinite 
uses of this instrument in the detection and analysis of faults 

and the accurate monitoring of manufacturing processes. 


BRITISH 
p ( |) \ \ () R ELECTRONIC INSTRUMENTS 
see/ 


The Technical Advisory Staff of the COSSOR Instrument Division is always at your service. 

Please address enquiries: A. ©. COSSOR LIMITED - INSTRUMENT DIVISION (Dept. 2) 
UN30JULI'S3 HIGHBURY GROVE - LONDON - N.S Telephone: CANonbury 1234 (30 lines). 

STANDN? 112 ALWAYS USE COSSOR TUBES AND VALVES 


C.1.51 
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Photograph by courtesy of Gresham Transformers Ltd. 


Where solder does — 
an (mpotjant job... 


the electronic engineer relies on Enthoven and to customers’ specifications. ‘‘Telecene”’ 


products. Here a transformer is safely sealed liquid activated rosin based flux made by 


in its case with Enthoven solid solder wire, Enthoven is the ideal fluxing medium for pre- 
= 


just one of hundreds of different aorrerescesesy § = tinning and dip soldering. 


finishing operations successfully  * Se = §=Our technical advisers and lab- 
completed with Enthoven solders. ‘ S oratory staff are available for free 
Enthoven Tinmans, Blowpipe, ; consultation. Technical data, 
Ingot, and Solid Wire Solders : descriptive literature and samples 


are supplied to B.S. 219 — 1949 S fy will be gladly sent on request. 


ENTHOVEN souves enonucrs 


— SOLDERS LTD., 89 UPPER THAMES ST., LONDON, E.C.4 = Phone : MANsion House 4533 Telegrams: ENTHOVEN PHONE LONDON 
a 
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Phillips 
recess head 
screws 























Designed to step up pro 
duction, cut down assembl 
time and reduce costs, th 
Z Phillips screw with its cruciform 
4 tapering recess head, used with a 
cane specially shaped driver, is the per- 
“3 fect answer to the drawbacks of 

the conventional type of slotted 

screw. The recess head fits firmly 

on to the driver bit, forming a 
single straight-line unit, resulting 
in perfect control and faster, safer 
and easier driving by hand or 
power. No more slipping drivers, 
misaligned screws, damaged heads or 
personal injuries due to driver skids. 



















\ 
‘ 





WN 


URS 









This is the first of a series of advertisements devoted to our 
products, all of which are manufactured in conformity with 
the meticulously high standards of quality and service that 
have built the reputation of the Linread organisation. 
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30c/s'and RF EMT 
equipment for industry 


The HIVOLT range of EHT equipment has been 
extended to the 50 c/s field in order to meet industrial 
demands for much higher currents than can be achieved 
by RF EHT technique. 


Industrial concerns having special requirements in these 
fields are requested to write to the technical department 
for further details. 


Typical uses of Hivolt equipment : 

A.C. IONISATION TESTING * ANTI-STATIC DEVICES 
BREAKDOWN TESTING * CABLE INSULATION TESTS 
CAPACITOR TESTING 

CATHODE RAY TUBE PRODUCTION AND DESIGN 
CHEMICAL PRECIPITATION 

CHARGING UNITS FOR IMPULSE GENERATORS 


D.C. IONISATION TESTING * DUST PRECIPITATION 
ELECTRON MICROSCOPES * ELECTRON OPTICAL EQUIPMENT 
FLASH TESTING * GEIGER MULLER TUBES 


GENERATOR INSULATION TESTING 

HIGH-SPEED CATHODE RAY TUBES 

INDUSTRIAL FIBRE ALIGNMENT 

MEASUREMENT OF HIGH A.C. AND D.C. VOLTAGES 
MEDICAL RESEARCH * PINHOLE TESTING IN MATERIALS 
TESTING OF TELEVISION COMPONENTS * VALVE TESTING 


The illustration shows the internal view of a typical 50 c/s breakdown testing equipment 
recently designed and manufactured for a leading electrical engineering group. This unit is 
continuously variable 0O—35KV and gives a maximum output of 10 mA. 







It weighs 427 lbs. and has the following overall dimensions : 
Height : 45”. Depth: 27”. Width: 28” (including EHT plug). 





HIGH VOLTAGE A.C. METER 


Independent of waveform. 
Meter can be as remote from the high voltage probe as necessary. 
Independent of the position of earthed objects surrounding the probe. 
Independent of atmospheric conditions. 

Substantially linear scale. 

The unit illustrated is for measuring voltages of 
between 20 and 100KV A.C. 50/5,000 cycles. It can 
be made for higher and lower voltages, as required. 


Leaflet No. ER.7 will be sent on request. 
HIVOLT LIMITED, 
34a POTTERY LANE, LONDON, W.II 
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EVERSHED INSTRUMENTATION 


Evershed 





Displacer 


Level 








Transmitter 











_An addition to the range of Evershed instruments 
for centralised control of particular interest to the 
petroleum and chemical industries is the Evershed 
Displacer Level Transmitter. This is designed to 
detect the level of liquid, or the interface between 
two liquids in a pressure vessel, and to transmit the The Working of the Evershed Displacer Level 
information electrically to the required central point. Transmitter is shown in this drawing. The stainless 
steel Displacer A is supported partly by the force 
due to the weight of the liquid displaced in the 
pressure chamber B, and partly by the tension spring 
C acting in opposition. Any change in liquid level 
upsets this balance resulting in a movement of the 








It may be used with either the Evershed Electronic 
Repeater or the Evershed Electronic Controller, and 
in conjunction with an Evershed Centroller (Central- 
ised Control Desk) for the operation of process plant. 


The instrument is sturdily built, reliable and in- beam D and the toothed quadrant E. The latter 
trinsically safe—there is no need for precautions in operates the lay shaft F, moving the pointer of the 
inflammable atmospheres. Its working is illustrated liquid indicator over the scale and winding up the 
here in outline, but full details of the Evershed Displacer instrument type spring G, the angular movement 
Level Transmitter are given in Publication E.E. 10. being proportional to the change in level of the liquid. 


Movement of the Displacer will vary the torque of 
spring G, which is opposed by that of the moving 





Evershed Instrumentation includes : coil in a permanent magnetic field H to which it is 

1. Evershed “ Rollflow ” Meter 20, 50, 100 and connected. Maintenance of the balance between vhese 
200 ins. W.G. diff. two enables a constant indication to be made of the 

2. Evershed Precise Tank Gauge level of liquid surrounding the Displacer. The prin- 

3. Evershed Tank Contents Gauge ciple of transmission is that of the Evershed Elec- 


4. Evershed Process Controllers 
5. Evershed Electro-Pneumatic Relay 
6. Evershed Circular Disc Recorder 


EVERSHED 


tronic Repeater. 




















EVERSHED & VIGNOLES LIMITED 











ACTON LANE WORKS - CHISWICK - LONDON - W.4. 
Telephone : Chiswick 3670 Telegrams : Megger, Chisk, London. Cables : Megger, London 
5/149 
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Whats your line? 















Evacuating C.R. Tubes 
Coating Reflectors 
Making Pharmaceuticals 
Evacuating Radio Valves 
impregnating 

Drying Blood Plasma 
Making Pure Metals 
Coating Lenses 

Preparing Orange Juice 
Dehydrating Food Oils, etc. 
Metallizing Papers, Foils 
Making “‘ Improved’? Wood 
Evacuating Lamps 


Kinney VACUUM PUMPS 


Have you investigated the possibilities of vacuum processing? Kinney Vacuum Pumps 
might produce quicker, better and more profitably for you as they do daily for numerous 





industries. Write now for suggestions and ask for Bulletin detailing single stage 


(10 microns absolute pressure or better) and compound pumps (0.5 microns or better). 





( ENERAL ENGINEERING 
* €£O (Radctirre ) LT? 


GENERAL ENGINEERING CO. (RADCLIFFE) LTD., Station Works, Bury Road, Radcliffe 
Telephone RADcliffe 2291/3 (3 lines) London Office : 3rd Floor, 9 Victoria Street, London,'S.W.1. Tel.:|ABBey 5278 
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BOULTON PAUL 
ELECTRONICS 


Manufacturers of precision electronic and _ electro- 
mechanical instruments 


















@ MULTICHANNEL C.R.T. FILM RECORDER 


A compact, versatile instrument for ground or 
airborne use. 


@ TRANSDUCERS—a comprehensive range for 


the measurement of pressure, displacement 
and force. 


@ STRAIN AND LOAD INDICATORS 
for the machine tool industry. 


@ INTEGRATORS AND TIMERS 
for specific applications, 
e.g. process control. . 
@ PRECISION AUTOMATIC 
MANOMETERS for wind 
tunnel measurements. 








WE ALSO 
specialise in the | 
development of | 
electronic and | 
electro-mechanical | 
equipment to customers’ | 
specifications from ‘one | 

| 

| 








off” up to quantity orders. 


QUALIT Y—standards are nor- 
mally those prevailing in_ the 
current issue of Inter-Service Speci- | 














@ STABILIZED | 
POWER SUP- fication RCS/1000, Category C | 
PLIES for Contractors to the Ministries and | 





laboratory Government Experimental — Establishments. 


use. 








u\MPIA-LONDON 


Our Technical Advisory Staff PON.30-JUL.1'53 
is always at your service. STANDN? 73 








BOULTON PAUL AIRCRAFT LIMITED | 


ELECTRONICS DEPARTMENT 
WOLVERHAMPTON 


Telephone : Telegrams : 
FORDHOUSES 3191 * AIRCRAFT, WOLVERHAMPTON” 





| 
| 
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Higher accuracy in recording, 


indicating and control of 


temperature ts achieved at Lower 


cost b y. 


THE FIELDEN 


ELECTRONIC 


THERMOMETER 








Compare these 

advantages with 

any other method 

of temperature 

measurement 

@ Long term high accuracy 
and reliability. 


@ Simple design—easy, in- 
expensive maintenance. 


@ No galvanometers or 
fragile mechanisms. 


@ Interchangeability of resis- 
tance bulbs to standard— 
without recalibration. 


@ Cold-End compensation 
eliminated. 


@ Power operated recording 
mechanism. 


@ Rapid pen response. 
@ Reduce thermal lag. 


@ Distant Indication. No 
restrictions due to use of 
capillary tubing. 


@ Continuous balancing. 
@ Nojbatteries required. 


@ Low capital cost. 








Full technical details are contained in an illustrated 23 page booklet which is available on request. 





Fielden. 


INSTRUMENTATION 








There is a FIELDEN 


ELECTRONIC ENGINEERING 


Send for Publication No. 209/FE. 


) FIELDEN (ELECTRONICS) LTD. 


WYTHENSHAWE, 6, MANCHESTER. 


Telephone: WYThenshaw 3251 (4 lines). 


LONDON OFFICE : 21 BUCKINGHAM ST., W.C.2. 


Telegrams: Humidity, Manchester. 


INSTRUMENT for most physical measurements 
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tile products are given off during setting. 
MADE IN OUR DUXFORD FACTORY—DELIVERY FROM STOCK 





POTTED IN 


“ARALDITE’ 





properties required of a resin employed 
for potting transformers, capacitors, motor 


windings and other electrical and radio 
components. 


—-PROTECTED AGAINST MOISTURE 
‘ARALDITE’ Casting Resin B has all the —_ against moisture penetration. It also pro- 
vides excellent insulation and resistance 
to “tracking.” 
Simple in use, ‘Araldite’ 
possesses excellent adhesion (especially to 
metals, porcelain, mica, quartz, etc.) and 
encloses the equipment in a completely 
protective cover, forming an effective seal 


‘ARALDITE?’ is a hot-setting resin proved 


by experience to be eminently suitable for 
large-scale production. Its shrinkage during 
casting is very low, as no water or vola- 
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A CIBA COMPANY 
DUXFORD 


AERO RESEARCH LIMITED 


CAMBRIDGE 
Phone: SAWSTON 187 
29 
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GQ neu 


RECEIVER 


. . » developed to British Post Office 
Specification 


T= new Independent Sideband Receiver type 
GFR 5§52 is designed for operation on long-distance, 
point-to-point, short-wave radio links forming part of the 
international trunk network. On independent sideband 
working, the GFR 552 provides facilities for the reception 
of two single sideband signals, each 6 kc/s wide, one 
above and one below the frequency of a reduced-level 
pilot carrier. Each sideband will accommodate either 
two 3 kc/s wide telephony channels, or several voice 
frequency telegraph channels. The GFR 552 may also 
be used for reception of single sideband or double 
sideband transmission. In the case of the second 
application this receiver offers two advantages: firstly, the 
absence of non-linear distortion which occurs in normal 
D.S.B. receivers when signals are subjected to selective 
fading conditions; and, secondly, the ability to select 
upper or lower sideband for demodulation, dependent 
upon which is freer from adjacent channel interference. 
The circuit and chassis layout of the GFR 552 closely 
follows that of the Mullard Receiver GFR 551, which was 
based on a British Post Office design (Receiver, Radio 
No. 22). 
Special features of the GFR §52 include a high order of 
oscillator stability and freedom from cross-modulation 
through which cross-talk between channels or inter- 
modulation between wanted and unwanted signals 
might occur. A brief technical summary is given below. 
More detailed information supplied on request. 


FREQUENCY RANGE— 4-30 mc/s. 

NOISE FACTOR—better than 7 db over the band. 

SIGNAL TO NOISE RATIO—z5 db for 4 microvolts peak sideband 
input over the band. 

LECTIVITY—The response is flat within 2 db for sideband 
frequencies between 100 c/s and 6000 c/s. At 10 kc/s from the 
carrier frequency the response is —60 db relative to the pass band. 
A.F.C.—The A.F.C. system operates effectively with a pilot 
carrier level of —26 db relative to 1 microvolt (which corresponds 
to a peak sideband level of 1 microvolt and a signal to noise ratio 


5 db). 
NON-LINEAR DISTORTION— Third order intermodulation products 
which might result in cross talk between sidebands do not exceed 
—50 db relative to the sideband levels. 


OUTPUT—Variable up to+-14 db relative to 1 mW into 600 ohms. 


——T— ee oe 
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MULLARD LIMITED, EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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Co 
unica / 
tion and Industria, Vy, 
Alves 


by Slandard 


The comprehensive range of high-quality valves manufactured by Standard 
includes types for almost every application, representative of which are: 


Broadcast, Communication and Television transmission 
Airborne and Mobile V.H.F. Equipment 

Microwave links 

Telephone and Telegraph Coaxial and line transmission 
D.C. Power Supply Rectification 

R.F. Heating 

Counting and Computing 

Motor Speed Control 

Welding Control 

Medical Diathermy 

Voltage Stabilisation 

X-Ray 

Vacuum Measurement 


_Thermocoupies 
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STANDARD engineers are available for 
consultation and their co-operation is assured 
to designers and technicians throughout industry 
wishing to take advantage of Standard’s long 
experience in the field of valve engineering. 


Please write to :— 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


RADIO DIVISION, Oakleigh Road, New Southgate, London, N.II 
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SERIES 600. A.C. OPERATED. 
SERIES 605. D.C. OPERATED. 
CONTACTS UP TO 6 POLE. 


SERIES 1265. 2 POLE UP TO 25 AMPS. 
SERIES 1275. 4 POLE UP TO 10 AMPS. 
COILS D.C. OPERATED. 





SERIES 150. A.C. OPERATED. 
SERIES 155. D.C. OPERATED. 
CONTACTS 15/20 AMPS. 2 POLE. 





SERIES 100. A.C. OPERATED. 
SERIES 105. D.C. OPERATED. 
CONTACTS UP TO 6 POLE 





SERIES 595. D.C. OPERATED. 














PHONE : NEWMARKET 3181-2-3 TELEGRAMS : MAGNETIC NEWMARKET 


MAGNETIC DEVICES LTD 


NEWMARKET 
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keep up-to-date with MARCONI 


We would like to draw the attention of all our friends | the new format. We hope this will prove even more 
to the new instrument catalogue. This handsomely | valuable to you than its predecessors. 

bound publication records the latest developments in | If you are on our existing mailing list, you wii! 
the communication and industrial fields — as have — have your new Marconi Instruments catalogue this 
our loose-leaf catalogues up tonow. But techniques _ month. But do jog our memory if, by chance, we 
| overlook you — we want every executive who really 


clarity’s sake all available data has been re-cast in | needs one to have a copy. 


MARCONI instruments 


SIGNAL GENERATORS + BRIDGES - QMETERS - OUTPUT METERS - WAVE METERS 
WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS AND INDUSTRIAL ELECTRONIC INSTRUMENTS 


advance as Marconi research progresses, and for 


MARCONI INSTRUMENTS LIMITED - ST. ALBANS - HERTFORDSHIRE 


saninin \\ye ' 
pose 


Midland Office : 19 The Parade, Leamington Spa. Northern Office : 30 Albion Street. Kingston - upon - Hull. 1) PIA: LONDON 


Export Office : Marconi House, Strand London, W.C.2. UN.30-JULI53 








c.58 
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MICROWAVE 
TEST 
“*S ”’ Band Level Setting E Q U I P M E NT 





Klystron 
Attenuator Power Supply 
100 600 32/200 





Illustrations show a few of 
our Standard Range of 
Test Bench Components 


‘“*S§’’ Band on W.G.10 
‘“*X’’ Band on W.G.16 


Some Instruments are available on 
W.G.11, W.G.15, W.G.9, W.G.14, etc. 








eo 


You may specify alternative flanges 








X Band Cavity T23A-B 
Frequency Meter S Klystron Mount 
32/2000 32/500 


MICROWAVE INSTRUMENTS LIMITED 
WEST CHIRTON INDUSTRIAL ESTATE 
NORTH SHIELDS 


NORTHUMBERLAND 
TELEPHONE : NORTH SHIELDS 2817 


xX Band X Band 
Variable Reactance Variable Attenuator 
32/1400 32/600 


Let us Quote for 
the Manufacture of 
Items to your own 

Designs or Specification 
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A UNIT OF ACHESON 
INDUSTRIES INC 





A smooth, conducting layer of ‘dag’ colloidal graphite is easily applied to any surface by brush, 
spray or dip. It has a high black-body factor and is readily de-gassed. It is widely 
used as : 

% A coating for grids and anodes, giving lower working temperatures and less secondary emission. 
% An external screen and internal electrode for cathode-ray tubes. 


* A cathode material, transparent to radiations, for Geiger counters. 


‘dag’ colloidal graphite is available dispersed in water, alcohol, acetone, aromatic hydro- 
carbons, etc. 


Act NOW oc. today for full technical 
information in Publication 98, available free from — 
ACHESON COLLOIDS LIMITED =O 
ts FALL MALL, LONDON, SW. x 
Phone: WHItehall 2034-7 Grams: OILDAG, PICCY, LONDON DISPERSIONS 
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... but theories are not sufficient. Realisation must depend upon the techniques 
of PRODUCTION. 

Today, men of ideas can call upon the immense store of engineering and 
production “ know-how ” of Plessey — whose main occupation is to apply tomorrow’s 
methods of quantity production to the day-to-day needs of the aircraft, electronic 
and light engineering industries. ' 

Managements in these industries are invited to call in Plessey to clear 
production bottlenecks. 


WHEN IDEAS ARE TAKING SHAPE 


CALL 4 Plessey 





_ 





RADIO - TELEVISION - ELECTRONICS - HYDRAULICS - MECHANICS - AIRCRAFT EQUIPMENT 
THE PLESSEY COMPANY LIMITED + ILFORD + ESSEX 


PP 2 
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INBRAKO 


Look at it 
from this angle 


Not only as a fastener but also as an essential in your production 
planning that will meet with the most exacting requirements of 
your engineers . . . With new amazing accuracy, terrific tough- 
ness, superior tensile strength, backed by UNBRAKO service, 
research and development, they are helping to fulfil production 
demands with economy of time, material and cost. 
Available for immediate delivery. Send for free samples. 
Manufacturers of Unbrako standard socket screws and special screws to A.1.D. requirements. 


UNBRAKO make fasteners to help engineers produce more and better machinery in every 
industrial centre in the world. 


UNBRAKO SOCKET SCREW CO. LTD. 
COVENTRY ENGLAND 


ELECTRONIC ENGINEFRING hULY 1953 





eeu we? 











a 
f) 


Gia) 
wa 
ij 


{| \ \ 
i \\ 
(ris) 


manag jin 
t | 


att 
(its) 


ain 
a 


@L 
© @@ 
© @e 


6 


wy) 


The expanding field of research and develop- 
ment means that a Cathode Ray Oscilloscope 
which will cope with the problems of today 
and tomorrow must be'able to display and 
measure waveforms of infinite variety. How- 
ever ubiquitous an instrument, no single 
type of Oscilloscope can be expected to cope 
with every kind of application. Thus, there 
are now ten Nagard Oscilloscope Models avail- 
able with a wide range of calibrated sweep 
speeds together with D.C. Amplifiers. 


This is the most comprehensive range ever 
offered to the Research{Engineer and is made 

ically possible by unit construction 
and by the specialization of Nagard Ltd., in 
the development of this most useful of all 
electronic instruments, the Cathode Ray 
Oscilloscope. 
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Double Beam Cathode Ray Tubes can be fitted 
to most models, thus extending still further 
the versatility of each type_and giving]signal 
handling performances unique in the field of 
simultaneous presentation of two variables. 


© 
© 


Experience in a very wide variety of appli- 
cations has led to the development of a num- 
ber of useful ancillaries which take the form 
of units to be added to the Oscilloscope in 
order to provide the most suitable input 

diti or as additional amplifiers pro- 
viding two or more signal channels. 


©) 





©) 
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Nagard Ltd., welcome the opportunity of 
applying the Nagard Oscilloscope to your 
most difficult problem. 


Write now for our new short catalogue. 


NAGAR 


REE 1 FD 


See what you measure ! 


18, Avenue Road, Belmont, Surrey ViGilant 0345 
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THYRATRONS 
for 
AMERICAN 
EQUIPMENTS 











The Mullard thyratrons described below are becoming increasingly popular 
as maintenance types for American electronic equipment. -Available in ready and 
continuous supply, these types are directly interchangeable with no less than 
twenty-two American type thyratrons. Furthermore, they provide equipment users 
with the high performance and reliability that is synonymous with the name Mullard. 

Whilst only abridged technical details are given below, more comprehensive 
information, including characteristic curves, is available on request. 





















































PRINCIPAL CHARACTERISTICS OF MULLARD TYPES 
AMERICAN ight Max. Anode | Max. Anode 
DIRECT Max. Mean | Max. Peak ; 
THYRATRONS Cathode — Current Current ee Renee 
EQUIVALENTS Filling w «@) Voltage Voltage 

(kV) (kV) 
oo } 1267 Cold Rare-gas 0.028 0.1 0.26 0.24 
2D21 2D21 Thermionic Rare-gas 0.1 0.8 0.68 1.3 
CE309 
EE17 
FGI7 
NL715 
TT17 - 
WLI7 } MT17 Thermionic or 0.8 2.0 2.8 8.0 
272 P 
0517 
4261 
5857 
38217 

¢ 
GL8S7 } 
WLS57 Ms 
WL631 MTS57 Thermionic oor E 2.8 15 1.0 $1.0 
1287 - 
5559 
FG105 i Mercury - 
ed } MT105 Thermionic ost 6.4 2.8 2.5 
5544 MTS5544 Thermionic Rare-gas 3.2 1.8 18 
cye* 
CJ6A* } MTS5545 Thermionic Rare-gas 6.4 80 1.8 1.8 
5845 
* The Mullard valve is a near equivalent of t |.5 kV for condensed mercury temperature 
this American type. up to 78°C. 
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MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVTI37 
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Commentary 


BILL dealing with the future of television in this 

country is shortly to come before Parliament and 
without doubt the main interest will be centred on the con- 
troversial question of sponsored television. We feel that there 
is a good case for an alternative system to the BBC although 
we are by no means certain that sponsored television is a 
satisfactory solution. 

The BBC has earned for itself a reputation for accuracy 
and good taste which is the envy of the world, and no praise 
is too high for its superb handling of the Coronation, particu- 
larly with regard to the scenes in the Abbey, but to 
suggest that these recent performances are typical examples of 
BBC entertainment, and to compare them with the alleged 
mishandling of the subsequent American rebroadcasts is, in 
our view, quite misleading. 

Unquestionably the BBC achieved its finest hour at West- 
minster, but this in itself is not a reason for appointing the 
BBC as the sole arbiter of what is good for us in television. 

Television programmes of the scope and magnitude of the 
Coronation do not occur every week and there are ar A 
hours of broadcasting—both in sound and television—whic 
the BBC has to fill up with whatever material it can afford 
and has to hand. Many of these programmes are mere 
“pot-boilers” and no one pretends—certainly the BBC does 
not—that these reach any great cultural or intellectual 
heights. In the business of providing ordinary every-day 
entertainment there is no reason to suppose that the sponsor- 
ing organization will do any worse than the BBC—they may 
even do better—nor need it be assumed that British sponsor- 
ing will follow the American pattern. 

Behind all the opposition to sponsored television there is 
the implication that the viewing public, who are surely no 
different to any other section of the community, possess no 
sense of taste or power of discrimination and must therefore 
be guarded against anything which is not considered good for 
it. There are already adequate safeguards for the films and 
press to prevent the libelous or the obscene, and no doubt 
similar arrangements can be made for sponsored television 
so that it does not offend the accepted standards of good taste. 
Thereafter if sponsored television fails to provide programmes 
that do not enlighten or entertain the viewer has only to 
switch off or change over to the BBC. 

On the other hand it should not be assumed that the BBC 
has failed to realize the full possibilities of this new form of 
entertainment. Left to itself, the BBC could, we are sure, work 
out its own destiny and develop a range of programmes 
comprising all that is best in the way of plays, music, 
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and so on, with outside broadcasts of current events that 
would satisfy most of the different public tastes for the greatest 
your time within the framework of the existing single net- 
work, 

What is so alarming about the BBC monopoly is the 
possible State intervention in and control of the monopoly, 
and it is for this reason alone that an alternative system 
becomes so highly desirable. 

But once the general pattern of sponsored television has been 
agreed upon and the necessary safeguards arranged it will 
require more than a mere nod of the head on the part of the 
Government to bring sponsored television into being and we 
await with interest the publication of the Fechnical Advisory 
Committee’s report, which is expected shortly, to learn how 
the various technical difficulties have been overcome. 

In the first place, the BBC is unlikely to sell any of its 
“dead” time to the sponsoring organizations, so that the 
only outlet to the latter is a separate network of stations 
operating mostly in the u.H.F. band. To provide a coverage 
equal to that of the BBC’s television network some 50 trans- 
mitters would be required, of which six to eight would be 
in the London area. To start with only the more populous 
areas of the country would be dealt with, but even so the 
connecting together of a large number of stations for the 
simultaneous transmission of a live programme is likely to 
be an extremely costly undertaking. The cost of 50 such 
stations with all their mobile apparatus and ancillary equip- 
ment might well exceed £1000000, and as a similar sum 
might be required to join them together we doubt if the 
necessary capital can be raised by a sponsoring group. 
Moreover, trained technical staff in sufficient numbers to man 
the stations are not easy to come by at a moment’s notice. 
Live programmes, except for local transmission or from a 
few closely grouped stations can therefore be ruled out and 
the only choice is the film recorded programme. 

Secondly, the viewer himself figures prominent in the 
discussions ‘on sponsoring. Even when the standards of 
programmes have been fixed, ‘tthe stations ‘erected, staffed, 
and transmitting, means have still to be provided at the 
receiving end in the form of an adaptor and—depending on 
the frequency bands allocated—an additional aerial system as 
well. The cost of such aerial and adaptor would be about 
£15, an additional outlay which many viewers may not wish 
to incur, 

These technical and economic aspects are formidable and 
may well delay the start for several years. 
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Flight Simulators 


By K. H. Simpkin*, A.M.LE.E., A.M.Brit.LR.E., and E. T. Emms*, B.Sc., A.R.C.S. 


This introductory article is intended to bring to the notice of readers, engaged in other spheres 
of activity, the new and expanding field of flight simulation. The history of flying training devices 
is briefly covered and leads to a consideration of the increasing demands of training to meet 
which the modern electronic flight simulator has been evolved. The technical and economic 
implications of these simulators are examined and the authors conclude with a description of a 
modern flight simulator, in which the fundamental design requirements are treated in general terms 

and methods of computation are indicated. 


N recent years, a new term has been coined in aviation 

circles. The term “ flight simulator” is used to describe 
one of the most remarkable applications of electronic art 
today, that of reproducing the true flight characteristics of 
an aircraft in an equipment which is permanently fixed to 
the ground. 

The story of aircraft flying training devices is a long and 
interesting one. For many years scientists and engineers 
have attempted to produce a machine which will enable 
aircrew to practice , 
flying without the 
attendant danger and 
wastage entailed in 
the use of a real 
aeroplane. 

The well - known 
“Link” trainer, used 
extensively during the 
war, enabled pilots 
to practice the tech- 
nique of using radio 
navigation and land- 
ing aids while flying 
“blind” on _ instru- 
ments and_ released 
many aircraft flying 
hours for operational 
use, which might other- 
wise have been used 
for training purposes. 
This trainer  con- 
sisted of an enclosed 
cabin, fitted with aircraft type controls and instruments, 
which was pivoted in such a manner that it was free to 
move to a limited extent in response to the actions of the 
pilot. Built-in mechanical and pneumatic mechanisms pro- 
duced motions of the cabin in accordance with the position 
of the controls, and contact was maintained between the 
pilot and an instructor who was seated at the control desk, 
upon which the computed motion of the trainer over the 
ground was recorded and from which radio signals were 
given. 

This type of trainer fulfilled a valuable purpose, but 
suffered from the disadvantage that the cabin and the flying 
characteristics produced were generalized and not those 
of any specific type of aircraft. Experienced pilots tended 
therefore to be aware of an artificiality and the training 
value of such devices was accordingly somewhat restricted. 

The new flight simulator, however, sets out to reproduce 
the characteristics of a particular aircraft as accurately as 
possible and endeavours to maintain a high degree of 
realism in order to take full advantage of the additional 
training value provided by “ atmosphere ”. 





* Air Trainers Ltd. 
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The type D4 mechanically and pneumatically operated blind flying 
trainer, a forerunner of the flight simulator 


Briefly, the simulator may be divided into several distinct 
units. The cabin, in which the training crew are housed, is 
a mock-up version of the crew section of the aircraft fuse- 
lage and is often that section of an actual aeroplane. 
This unit, which is fixed to the ground and does 
not move, contains every item with which the real aircraft 
is normally equipped. The windows are, of course, misted, 
but realism is carried to the extent that it is impossible for 
the crew to tell, once in the simulator, whether they are 
in a real aircraft or 
not. 

By the side of this 
dummy cabin is a com- 
putor rack, the func- 
tion of which is to 
calculate, from know- 
ledge of the crew’s 
actions from the start 
of the flight onwards, 
what will be the read- 
ing of every instru- 
ment in the cabin and 
what will be the reac- 
tion force on every 
control. This data is 
fed back into the fuse- 
lage and is used there 
to reproduce the in- 
strument readings and 
to actuate the forces 
on the controls. In 
addition, this com- 
putor calculates the position of the aircraft with reference 
to the ground and supplies such data to the control desk. 

The control desk, at which the instructor is seated, is a 
centralized point from which external conditions can be 
applied to the simulator. It is here that the position of the 
aircraft is plotted on a map from data supplied by the com- 
putor. From his control desk the instructor can reproduce, 
by the operation of switches, a large variety of emergency 
conditions for the crew to deal with. He may produce the 
effects of weather changes and may also select suitable radio 
navigational aids for use by the crew, at such times as they 
would have come within range. 

The mention of navigational aids brings us to the third 
unit, which is a separate electronic computor, the function 
of which is to produce a realistic. simulation of the radio 
aids normally used on the type of aircraft simulated, in 
order to enable the crew in the fuselage to make use of 
these aids while training. 

The whole simulator is normally housed in a special 
building on the aerodrome. It usually incorporates several 
hundreds of radio valves in its make-up, together with 
many miles of wire and complex electro-mechanical com- 
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ponents. As may well be imagined a careful study of 
the probable uses of such a machine is necessary before one 
is purchased by an airline company. 


Let us, therefore, examine the uses and economics of a 
flight simulator. Unfortunately few figures of costs are 
available in the United Kingdom, so American figures will 
be quoted as indicative of the general trend. 


An average multi-engined flight simulator costs only 
slightly less than the aircraft which it simulates, that is 
approximately £100 000, depending upon the complexity 
involved. Yet, according to the Curtiss-Wright company, 
this first cost can be reclaimed within five years of use. 
For example from figures quoted by that company, on 
flight simulators they have constructed in America, the 
operating cost of a flight simulator is of the order of 
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which does arise produces such a violent press reaction. 
Investigation into these accidents often shows that the 
circumstances were such that the pilot was unable to take 
effective action because of lack of training in dealing with 
such an emergency. 


This fact cannot, however, be*blamed on the crew or the 
company, when it is realized that many of these emergency 
conditions are not reproducible at will in an aircraft with- 
out unjustified hazard to aircraft and crew. It is to the 
cred’. of the crews that all emergency conditions which are 
amenable to practice are practised consistently. It rarely 
happens nowadays, for example, that a twin engined air- 
craft crashes due to failure of one engine. 


The flight simulator, however, being a true representation 
of the aircraft, is able to fill the breach. Severe emergency 
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The layout of a typical flight simulator 


$30 to $40 per hour, whereas the cost of flying a multi- 
engined aircraft such as a D.C.6 is about ten times this. 


If, by the use of a simulator, an aircraft can be released 
for passenger service, the revenue potential then gained 
is quoted as of the order of $1500 per hour. That the 
flight simulator is effective in training personnel can be seen 
when Pan-American Airways quote a reduction of flying 
time on conversion courses to new types from 21 hours 
flying to 8 hours by the use of a simulator. This, in itself, 
using the simulator for 13 hours a day would result in a 
saving of over a million dollars a year. 


Apart from the economic aspect, however, there is the 
further viewpoint of safety. It is unfortunate that, in these 
days of safe air travel, when the major airline companies 
are publishing consistently low figures of accident rate 
per passenger mile of operation, the occasional accident 


JULY |- 1953 


conditions, such as engine cut on take-off can be simulated 
and crews may thereby be given hours of practice in dealing 
with situations which would result in unjustifiable risk if 
attempted in the real aircraft. 


Furthermore, it is a proven fact, that crews, after under- 
going a period of simulator training, do work together far 
more efficiently and calmly under emergency conditions. 


This advantage of the simulator does not apply only to 
the flying technique. Navigational training can be effec- 
tively carried out using the equipment normally carried, 
and no longer is the radio operator or navigator segregated 
in his training, but can carry it out, at all times, as an 
integral member of the crew. 

We have, so far, discussed the flight simulator itself, as 
a number of large units, each having a specific function. 
Let us now examine, briefly, how the simulator works. 
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An aeroplane is a physical body, and like all other 
physical bodies, it obeys the laws of nature. When flying 
in the air, the aeroplane will remain stationary or in steady 
motion, that is in equilibrium, unless acted upon by external 
forces. For example, it would accelerate towards earth 
under the influence of its own weight if the force of gravity 
were not exactly balanced out by the lift force on the 
‘wings. 

The forces which act upon an aeroplane are produced 
by its weight, by the thrust of its engines and propellers 
or jets, and by the flow of the air over its wings and tail- 
surfaces. A change in any one of these results in a change 
of motion of the aircraft until the new force is balanced out 
and equilibrium is restored. The instantaneous motion of 
the aircraft is therefore determined by the instantaneous 
configuration of the forces acting upon it. 


In order to deal with these forces and the resultant 
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Routing the information in a flight simulator 


motions of the aircraft in a logical manner, it is convenient 
to consider all motions of the aircraft as being the results 
of linear forces acting in directions fore and aft, athwart- 
ships, and vertical to the aircraft and of angular moments 
about those axes. 


From these forces and moments, and the linear and 
angular accelerations arising from them, may be computed 
a great deal of information about the flight of the aircraft. 


For example, if any one of the linear accelerations be 
integrated with respect to time, the component velocity of 
the aircraft along that axis is obtained. The component 
velocities fore and aft and athwartships determine the angle 
of yaw of the aircraft, and those fore and aft and vertical 
decide the angle of incidence. These angles, in conjunction 
with the velocity components themselves, give the aero- 
dynamic forces and moments referred to previously. 
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If a similar set of axes is set up with reference to a 
point on the surface of the earth, it is possible, by the 
use of co-ordinate geometry, to resolve the motions of the 
aircraft with respect to its own axes into motions with 
respect to these earth axes. Integration of the resultant 
vertical earth velocity will then record height above the 
earth, and integration of the north and east component 
velocities, with due allowance for wind, will record posi- 
tion on the earth with reference to the starting point. 


It is clear, however, that the problem involves the calcu- 
lation of forces and moments on the aircraft from a 
knowledge of motions of the aircraft which are themselves 
dependent upon these forces and moments. The aircraft, 
itself, is a complex feedback system which seeks equili- 
brium by counterbalancing the forces acting upon it by 
those produced by its resultant motion. It is not surprising, 
therefore, that the simulator which computes the motion 
of the aircraft is an analogue of the aircraft and comprises 
a complex servo system. The section which does this opera- 
tion is known as the flight computor. 


The flight computor is then a complex servo system which 
operates in this manner. From an initial knowledge of the 
forces and moments about the aircraft axes, it computes 
the linear and angular accelerations involved and, by 
integration, and knowledge of the previous attitude of the 
aircraft with respect to the air stream, it computes angles 
of incidence and yaw. From these, and from knowledge of 
the control positions in the fuselage and the aircraft flying 
characteristics, it can then compute the forces and moments 
arising from these conditions. These forces and moments 
are the initial knowledge referred to just previously and 
are returned as inputs to the computor, which being a com- 
plex servo mechanism then seeks equilibrium in the same 
way as the real aircraft. The flight computor, therefore, 
supplies continuous information about the motion of the 
aircraft with respect to its own axes. 


Another section of the flight computor is composed of 
a number of servo-mechanisms which continuously record 
the position of the aircraft axes with respect to the refer- 
ence set of earth axes. From this section can be obtained 
the motion of the aircraft with respect to earth and hence, 
by integration, height and position. 


In order to provide further realism, the flight computor 
computes the reaction forces which arise on the pilot’s 
controls when they are moved, and these forces are repro- 
duced at the controls in the fuselage. 


The flight computor needs to know the position and 
motion of the controls, which data is supplied from the 
fuselage and is then able to compute from the motion of 
the aircraft, the readings of the flying instruments which 
are simulated in the cockpit. 


Further sources of data are the engine and propeller 
computors. The engine computor is a complex electronic 
calculator, which, from a knowledge of the controls in the 
cockpit, of predetermined engine data, and of the atmo- 
spheric conditions, as supplied by the flight computor, is 
able to give continuous information of the engine revolu- 
tions per minute, torque, oil temperature and pressure and 
other relevant data. This data is used to operate the 
engine instruments in the fuselage and as input information 
for the propeller computor. 

The propeller computor is another electronic calculator 
which, from a knowledge of propeller controls, engine 
speed and other data, is able to supply continuous thrust 
and slipstream data to the flight computor. 


This team of computors interact considerably, and 
together can predict the whole flight data of the aeroplane. 


Two major ancillaries then make use of this informa- 
tion. A recorder unit plots the instantaneous flight track 
and height of the aircraft for the benefit of the instructor. 
A radio aids computor utilizes the knowledge of the air- 
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craft position réiative to fixed transmitters and beacons to, 
supply correct bearings and radio signals to the radio 
equipment in the fuselage. 


Since there is a high degree of control over all aspects 
of the aircraft’s flight, it is possible to reproduce faults in 
the various parts of the aeroplane and its ancillaries and 
to introduce emergency conditions at will. The controls 
for producing these faults are grouped into a faults panel 
close to the instructor’s desk, so that at the turn of a few 
switches, the instructor can provide the sternest test of 
aircrew skill wihout danger to himself or the crew. 


This complex collection of 


(5) The initial cost of the simulator is less than that of 
the aircraft being simulated. 

(6) The running cost is appreciably smaller than that of 
the real aircraft and in particular a smaller number 
of specialists are required for training crews. 

(7) The crews work as an integral team in the simulator 
from the start of training, thereby building up mutual 
confidence. 

(8) New crew combinations or control layout,can be 
tried out on a simulator by operating companies 
without using aircraft hours. 
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aid to the design of aircraft. 
It is not idle thinking to 
imagine the system in which 
flying prototypes are neces- 
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flight of rockets is imme- 
diately apparent. 


Summary 

It is of advantage to list the advantages of the training 
obtained by the use of flight simulators as compared with 
that obtained by the use of actual aircraft. 


(1) The crew may be subjected (in the flight simulator) 
to conditions and faults which may be difficult and 
hazardous to attempt in a real aircraft. 


(2) The real aircraft is released for operational duties. 


(3) The training period may be considerably shorter in 
the flight simulator than in the real aircraft due to 
intensive training methods. (A greater degree of con- 
fidence may be imbued into the crew, by the more 
extensive training curriculum). 

In the event of a fault, the flight simulator may be 
repaired in a shorter time than it takes to repair a 
real aircraft—“ write off ” is impossible. 
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Arrangement of the computors 


(9) Experienced crews can benefit from regular practice 
and refresher courses during bad weather periods. 

(10) The simulator is entirely independent of weather 
conditions. 
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An Electronic Helmsman for a Motor 


Yacht 


By W. H. Alexander*, B.Sc., A.Inst.P., and D. M. McCallum*, B.Sc., A.M.LE.E. 


An automatic helmsman, suitable for controlling a small motor yacht, is described. 


constructed largely from Government surplus 
the desired course was suddenly altered by 90° 


It is 
equipment. The performance is such that when 
the boat settled down on the new heading within 


15 seconds after one small overshoot of 3°. 


penny a motor yacht at sea is tedious. Because of 
its poor natural stability in yaw it requires constant 
attention to course and correction to the helm. This is 
the type of unrewarding occupation particularly suited to 
automatic control. However, the expense and weight of 
commercially available automatic helmsmen prohibit their 
use in small boats. The helmsman described uses, in the 
main, Government surplus equipment and makes no 
pretence to sophistication. 

As in all servo systems there are four main components. 
In this application these are: — 


As in most servo systems there is also a stabilizing signal 
to prevent hunting. In this case this is a voltage propor- 
tional to the rate of turn of the boat. This has the action 
of reducing the applied rudder when the boat is swinging 
back on to the correct heading before it has actually 
reached it and even, if the rate of turn is fast, reversing 
the rudder so as to check the swing of the boat. The need 
for this is readily seen and the action is normally applied 
by the human helmsman without difficulty, although he 
may well be unaware of the equations in the Appendix. 

The layout of the units may be seen from Fig. 1 and 
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Fig. 1. The interconnexion of the units 


1. The Input Unit which demands the required heading. 
As far as the yachtsman sees this is a compass ring 
which is set manually to the desired heading. 


. The Output Unit which indicates the actual heading. 
This information is obtained from an ex-R.A.F. 
Distant Reading Master Compass Unit which relays 
its information by an M-type data transmission system 
to any required number of repeaters. 

One of these repeaters in the Controller turns the 
shaft of a potentiometer whose case is turned to 
represent the input heading. 


3. The Error Detecting Unit is really this potentiometer, 


N 


the output heading being equal to the input heading . 


when the potentiometer slider is midway between the 
diametrically opposed feeding points on the winding. 


4. The Motor which produces the corrective force 
required to reduce the error to zero. This is a velodyne 
motor generator, type 74, turning the wheel through 
a chain drive. 








* Ferranti Ltd., Edinburgh. 
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their disposition in the boat from Fig. 2. These are 
mounted in the best available places for convenience of 
operation and access and to keep the interconnecting leads 
short except in the case of the master compass unit. As 
this depends on the earth’s magnetic field for its informa- 
tion it is mounted in the forecastle where there is the 
minimum disturbance by machinery. 

It is necessary to understand, at least in outline, the 
operation of the master compass unit so that the derivation 
of the rate of turn signal may be clear. A small electrically 
driven gyro has its rotor axis lined up with the magnetic 
north. The gyro acts as a filter on the information from 
a bar magnetic compass. As the magnetic compass is 
disturbed and swings violently due to the ship’s movement 
only its mean position over a few minutes can be taken 
to have any meaning, and it is used to apply a low precess- 
ing torque to the gyro which filters out the random 
oscillations of the magnetic compass. As only light torques 
can be taken from the gyro, a torque amplifier is necessary 
to drive the transmitter of the M-type step-by-step data 
transmission link. The torque amplification is done by 
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having a contact carried from the gyro on an arm. This 
contact slides on a piece of quartz one-half of which has 
a conducting surface. The quartz is carried on a frame 
turning round the gyro gimbal frame and driven by a 
motor. When the contact is made, a relay causes the motor 
to drive in one direction and when it is broken to drive 
in the opposite direction. The relay thus makes and breaks 
regularly at a frequency determined by the frame inertia, 
motor gearing and so on, and the frame hunts with an 
amplitude of about 4°. As the gyro is fixed in space the 
frame must turn with respect to the boat when the boat 
turns, so that it will remain in a constant position relative 
to the gyro. To do this the relay will be made for longer 
intervals than it is open when the boat is turning in one 
direction and open for longer intervals than it is closed 
when the boat is turning in the opposite direction. To 
derive the voltage proportional to the rate of turn a slave 
relay is driven from the relay in the master compass unit 
and the fixed terminals of a changeover contact set in it 
are connected to the positive and negative supplies feeding 


the bearing potentiometer (Fig. 3, relay C and contacts C,). 
Smoothing the voltage on the moving contact with a IMQ 
resistor and a 4uF capacitor we obtain a voltage on the 
capacitor which varies about a mean value with the rate 
of turn of the boat. 

We now have all the signals necessary to control the 
boat and these are fed into the velodyne amplifier as 
shown in Fig. 3. This is a straightforward push-pull 
amplifier feeding the fields of the motor of a motor 
generator type 74. The armature is fed with current 
through a resistor from the 24V supply. The motor pro- 
duces a rudder position indicated by the rudder potentio- 
meter which is proportional to bearing error minus rate 
of turn of the boat. The diagram is complicated by an 
additional facility which enables the boat to be steered 
from a remote point as explained later. Local velocity 
feedback round the motor reduces the effect of varying 
rudder loads. 

The final drive to the wheel is through a 7: 1 chain 
reduction drive, the final sprocket being mounted on the 


Fig. 3. The velodyne amplifier 
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back of the wheel. The driving sprocket is on the output 
shaft from the motor unit which projects through the 
bulkhead from the chartroom (Fig. 2). There is a gearbox 
on the motor output with a stepdown of 100: 1 so that 
the total stepdown is 700: 1. This means there is about 
20lb ft of torque available at the wheel, and as the normal 
torque required on the wheel is about 4b ft this is 
adequate for all conditions except possibly very heavy 
following seas. 

Switches on the controller allow the gyro and heaters 
to be started preparatory to using the helmsman, or the 
gyro compass to be used by itself. When auto-control is 
engaged the u.T. supply is switched on. The power supply 
is an eX-L.F.F. motor generator 


APPENDIX 


TRANSFER FUNCTIONS 

A block diagram of the servo system on auto-control 
is given in Fig. 4(a) and on servo or remote control in 
Fig. 4(b). The symbols used are listed at the end of the 
Appendix. For the auto-control system the equations of 


motion are:— 
= 6; a 6 Teeter wrtoly?T ee an. Coe eee (1) 
K.(K,9—¢0—K36'0) = ¢’0 + Too ......-- (2) 
BS i sah eae het aoa ih ew 9 2 WS Ss a ssars (3) 


Taking the Laplace transform (assuming all the variables 
to be zero initially) of the equation which results on 
eliminating 6 and @¢ gives an overall transfer function 
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drive to the steering wheel is 
operated by the relay in the cathode circuit of the output 
valves of the amplifier so that the drive will be released 
if there is an H.T. or heater fault. When servo or remote 
control is engaged the compass unit is not used in the 
helmsman, but the rudder position may be controlled either 
from a potentiometer in the controller or from a potentio- 





The controller and variation setter installed in the wheelhouse. 


The chain drive from the motor unit goes to the sprocket on 
the back of the wheel. 


meter in a small control box on a flexible cable so that the 
boat may be controlled from the deck. In these cases the 
system is operating as a simple rudder position servo. 

To test the helmsman in the laboratory a small simulator 
was built using a gramophone turntable driven by a 
velodyne machine. The rudder position voltage was fed 
into the velodyne to produce rate of turn of the table 
through a network having a time-constant of about 5 
seconds to represent the yacht’s lag in answering the helm. 
The rate of turn of the turntable was adjusted to be 
about one revolution in 70 seconds for half rudder, a 
typical value for the boat in question. In this way the 
range of feedback was tested and found to be adequate. 

After installation a number of trials were successfully 
carried out. When the desired course was suddenly altered 
by 90° the boat settled down on the new heading within 
15 seconds after one small overshoot of 3°. This per- 
formance was considered to be quite satisfactory and the 
success of the helmsman was considered proved when an 
experienced yachtsman said of her “She luffs beautifully”. 
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The corresponding transfer function for servo or remote 
control is 

Go _ 1 

oe 1+ (1/K:.)p + (T,/ Kz) p* 


CHOICE OF PARAMETERS 

The values of K, and T, are more or less fixed and out- 
side the control of the designer of the helmsman. They 
vary with the speed of the yacht but not to any appreciable 
extent over the normal range of speeds. The amplifier gain 
constant K. was chosen to give the required accuracy in 
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Fig. 4. (a) Auto control; (b) servo or remote control 











positioning the rudder, and the time-constant 7, adjusted 
by means of the “servo damping” control (Fig. 3) to give 
a satisfactory response on servo and remote control. K, 
was then chosen to give an sufficient overall gain constant 
for the auto-control system and the response was finally 
adjusted by choice of K,, the rate term constant. Without 
the rate term, that is with K, zero, the system was found 
to be unstable. 


Non-L INEARITIES 

The equations in this Appendix determine the stability 
of the system with respect to small disturbances and its 
response to small inputs. For large inputs such as the 90° 
step function mentioned earlier they are not strictly 
accurate. Equation (3) representing the response of the 
yacht to the rudder is at best only a reasonable approxi- 
mation to the actual performance, assuming as it does 
that the steady state rate of turn is strictly proportional 
to the rudder angle. It is very nearly correct, however, for 
small rudder angles. Equation (2) is also true only for 
small inputs, for if the left-hand side is large a speed is 
demanded of the motor in excess of its maximum, which 
is reached with the amplifier in a limiting condition. After 
a sudden 90° change in desired heading the motor soon 


JULY 1933 














reache 
sidera' 
When 
to tha 
this pl 


LIST. ¢ 


T 


Som 
equipr 
studies 
and n 
salvagi 
has be 
experi 

Alth 
televis: 
researt 
camer: 
utilitar 
tions. 
Ocean: 
in R.R 
the ap 
researc 
orthicc 
Resear 

The 
in the 

The 
H.M.S 
design. 
ment c 

The 
also d 
reduce 
cameré 

As i 
gland 
casing, 
windo\ 

Spec 
at the 
for the 
heater 
is inclu 
resistat 

The 
lenses, 
remote 
used te 
water 
lenses. 
alumin 
used tl 
lenses. 
side or 
water. 

Am 
the wa: 
the car 


JULY 





ol 
in 
ne 
of 


2) 
3) 
es 
n 


(Oa 


e 
a 
S 
il 


r 
is 


r 











reaches its maximum speed and maintains it for a con- 
siderable part of the time taken to reach the new heading. 
When the correct heading is neared the behaviour returns 
to that deduced from the linear theory. It was to study 
this phenomenon that the simulator was constructed. 
List. OF SYMBOLS 

6; desired heading. 

6, actual heading. 

6 error in heading. 

qi desired rudder angle. 

@ actual rudder angle. 

@ error in rudder angle. 


T, time-constant of the velodyne. 
T, time-constant of the yacht. 
the ratio of input voltages for unit angles of error 
and rudder (dimensionless). 
the rate of turn of rudder for unit angle of rudder 
(dimensions T~’). 
the ratio of input voltages for unit rate of turn of 
the yacht and unit angle of error (dimensions 7). 
K, the rate of turn of the yacht for unit angle of rudder 
(dimensions 7~'). 
p the Laplace parameter. 
A bar over a variable denotes the Laplace transform 
of the variable. 
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Television Equipment for Oceanographic Research 


Some details have been given on underwater television 
equipment developed by the Admiralty for oceanographic 
studies in the Royal Research Ship Discovery II. It is lighter 
and more easily handled than the equipment used for 
salvage work in H.M.S. Reclaim. The television camera 
has been fitted with a stereoscopic attachment, but little 
experience has as yet been obtained with this technique. 

Although the first concrete proposal for an underwater 
television system in this country was for marine biological 
research, the course of events decreed that. the first few 
cameras to come into use should be applied to more 
utilitarian purposes, namely to diving and salvage opera- 
tions. Early in 1952, however, the National Institute of 
Oceanography suggested that a camera should be installed 
in R.R.S. Discovery II for a preliminary investigation into 
the applications of underwater television to oceanographic 
research. An underwater casing to house a Pye image 
orthicon camera was accordingly designed by the Admiralty 
Research Laboratory, Teddington, with these trials in mind. 

The camera was first installed in the Discovery II late 
in the summer of last year. 

The casing constructed for the camera installed in 
H.M.S. Reclaim was designed for a depth of 1 000ft. This 
design, although capable of being handled by the equip- 
ment on H.M.S. Reclaim, was too unwieldy for normal use. 

The internal dimensions of the new camera, which was 
also designed for a similar depth, allowed considerably 
reduced dimensions for this casing. The total weight of this 
camera is now only 7cwt. 

As in previous designs, the camera window and cable 
gland were all mounted on the square baseplate of the 
casing, short legs being added to protect. the cable and 
window when landing on the deck. 

Special modifications for underwater working were made 
at the laboratory to provide for remote alignment control 
for the camera pick-up tube, and remote image section 
heater control, and a “ dampometer” or moisture indicator 
is included, this consisting of a piece of blotting paper, the 
resistance of which is continuously monitored. 

The camera was equipped with 24in. f/1-9 and 14in. f/2 
lenses, either of which could be selected underwater by the 
remotely controlled turret. An auxiliary lens system was 
used to achieve approximately the same angle of view in 
water as would normally be obtained in air with these 
lenses. A split-field stereoscopic attachment using surface 
aluminized mirrors could be fitted to the 14in. lens and 
used through the plane window, i.e., without. the auxiliary 
lenses. This provides right and left eye pictures side by 
side on the screen, each one covering 25° by 180° under- 
water. 

A modified English Electric T/V receiver was placed in 
the ward-room as the main monitor. Pictures displayed on 
the camera control unit monitor were photographed when 
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required by a camera mounted on a bracket attached to the 
unit. 

The Institute of Oceanography reports that trials with 
underwater television have provided new information about 
the sea floor, and show that the technique can develop into 
a valuable oceanographical instrument, especially if used 
in conjunction with other gear. In its present form it is 
regarded as cumbersome, and its scope is limited by the 
weight of the camera in its steel casing, which makes it 
unsafe to use except in calm water, and by the difficulty 
of lowering it to any great depth. Both these difficulties are 
likely to be reduced in due course. 

Observations on the sea floor were made in about 33 
fathoms off Falmouth, in 60 fathoms near the mouth of 
the English Channel, and in about 80 fathoms near the 
edge of the continental slope. Further observations were 
made on the continental shelf off Portugal on the Gettys- 
burg Bank, on the rocky sea floor round the Azores and 
on the Princess Alice Bank south of the Azores. 





PPI Display of Naval Review 





The above PPI display represents the assembled ships at Spithead during 
the Coronation Naval Review as they appeared on the screen of the 
Radiolocator IV radar on board the Marconi yacht “‘ Electra Il”’ 
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Electrical Synthesis of Musical Tones 


By Alan Douglas 
(Part 1) 


Music, Noise, Characteristics of tones singly and in Combination 


The apparent ease with which it is possible to produce sustained tones from valve oscillators has 
led to the publication and marketing of some circuits which fall short of even the minimum 
requirements for esthetic tolerance. These articles outline some of the fundamentals of tone 
production and draw attention to certain limitations which are often conveniently overlooked, 

to the detriment of the art. Extremely satisfying results are realizable by proper means. 


6< USIC was forced to shape for itself the material on 

which it works. Painting and sculpture find the 
fundamental character of their materials, form and colour, 
in nature itself, which they strive to imitate. Poetry finds 
its material ready formed in the words of language. Music 
alone finds an infinitely rich but totally shapeless plastic 
material in the tones of musical instruments. There is a 
greater and more absolute freedom in the use of material 
for music than for any other of the arts; but certainly it is 
more difficult to make a proper use of absolute freedom.” 

So wrote von Helmholtz in 1880. It is indeed true that 
the licence implied by artistic freedom has in many cases 
exaggerated the value of musical sounds produced by 
electrical means. The appraisal of tonal values is an 
individual thing, changing with temperament, surroundings 
and other contexts. In the pipe organ world, vitriolic com- 
ments alternate with lush approval on examples of various 
makers; yet each and all of these instruments fulfil their 
designed purpose, whatever personal opinion may be, 
because the tones produced are based on immutable physical 
laws, and, unless purposely made grotesque, are acceptable 
from the start. 

Helmholtz, Koénig and Rayleigh laid the foundations 
of tonal research on a massive scale; economics did not 
then enter into the realm of musical instruments. Today, 
both science and economics loom very large in the picture, 
and where the more complex musical instruments are con- 
cerned, alternative means by which expense may be reduced 
are eagerly sought. 

The purpose of these articles is to survey the present 
position of electrically synthesized or produced musical 
sounds, and if in parts they seem elementary, this is only 
because it is so easy to overlook some commonplace factor 
which may not at first sight appear important. This section 
is devoted to the “ material for music”. 

Any textbook on physics will explain how sound waves 
are propagated and received. We can call them sound 
waves because the sense which detects them is that of 
hearing, though they are really waves of air pressure and 
rarefaction. The distinguishing characteristic of a musical 
sound is that it is periodic and complex; also, it must be 
maintained for a sufficient time to allow of identification. 
The only other parameter by which we can identify a sound 
as musical is that of training arid usage. We can tell a 
trumpet because we have always known it as a trumpet, 
and for no other reason. Most musical sounds are known, 
though some are infrequently met with, but it is pos- 
sible to produce new sounds. At first, some of these 
appear strange, but time is required to get used to 
departures from accepted standards; this is particularly true 
when a number of sources contribute to the tonal spectrum. 
Today, the intricate texture of complex music such as 
Wagner’s “ Tannhaiiser” is assessed as magnificent; yet, 
when first performed in public, it was heralded as “an 
extravagance of noise”. Indeed, one eminent critic writing 
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in 1846 said “ it seems to me that a man who will not only 
write such a thing, but actually have it engraved (printed), 
has little call for an artistic career”. 

We cannot build up a complex spectrum for electrical 
synthesis without appreciating the properties of the 
individual simple waves or curves from which all musical 
sounds are compounded. 

Ohm, in 1843, stated: “ All musical tones are periodic; 
all varieties of tone quality are due to particular combina- 
tions of a larger or smaller number of simple tones; every 
motion of the air which corresponds to a complex musical 
tone or a composite mass of musical tones is capable of 
being analysed into a sum of simple pendular vibrations, 
and to each simple vibration corresponds a simple tone 
which the ear may hear.” The elaborate investigations of 
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Fig. 1. Simple Sine Wave 


Helmholtz could only add, “ the quality of a musical tone 
depends solely on the number and relative strength of its 
simple partial tones and in no respect on their difference of 
hase ”’. 

7 Both of these investigators, and many at a later date, 
are of course referring to a tone which has actually started 
and is regarded as being in a steady state; but it will be 
shown later that the starting characteristics and noise of 
generation have a profound bearing on the value and 
identification of a particular tone. 

Firstly, then let us note the properties of simple waves. 
A sine curve is an instantaneous representation of the con- 
dition of motion in a simple wave, Fig. 1. A curve of the 
same form, but differing in phase by 90° is a cosine curve. 
Amplitude is the height of a crest above the axis, therefore 
half the total displacement. A period is the time required 
to trace one wavelength, i.e., a crest and a trough. The 
frequency or pitch is the number of periods, or wave- 
lengths, per second. The phase varies along the axis, passing 
through a complete cycle in one wavelength. The 
velocity is equal to the wavelength multiplied by the 
number of waves per second. The energy, or intensity, of 
a sine wave varies as the square of the amplitude if the 
frequency remains constant, or vice versa. When both 
amplitude and frequency vary, the intensity varies as the 
square of the product of amplitude and frequency, or 


I= fA’ 
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Simple examples of the foregoing are to be seen in Fig. 2. 
Here curve B has a frequency the same as A, but its ampli- 
tude is twice as great, hence it represents a sound four 
times as loud. Curve c has an amplitude the same as A, 
but its frequency is twice as great, so again its loudness is 
four times that of a. Taking an uneven example, curve 
D has a frequency of 3-3 and an amplitude of 0-3, so its 
loudness is equal to a. 

Even in such simple waveforms we must be on our guard 
against assessing loudness from the geometry of the curve. 
This is better illustrated by a complex waveform, Fig. 3. 
Curves A and B have loudnesses represented by 1 and 9. 
Curve c contains both a and B and its loudness is therefore 
10. If it were assumed that the loudness of a and c were 
represented by the squares of their measured widths, the 
value for c would be 1-6 as compared with a, which is 
only one-sixth of its real loudness. From these examples 
can be seen the necessity for analysing a complex wave 
into its simple components, to find the intensity for each 
component, and then to sum these intensities; the figures 
show that a simple measurement of the amplitudes and 
frequencies of the complex curve will not give its loudness’. 
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Fig. 2. Illustrating the relationship between frequency, amplitude and intensity 


Fig. 3. Example of compound wave - 





Fig. 4. Effect of phase on wave shape 


This is further borne out by Fig. 4, which shows two 
curves A and B of equal loudness. Each is composed of 
fundamental and second harmonic, of loudness 1 and 4 
respectively; only the phases of the components are different 
in the two curves, which at first sight might appear to be 
of different intensities. 

Now the separate components of a musical tone must be 
in, some relationship to sound musical. Such components 
are variously known as harmonics, overtones or partials. 
Strictly, harmonics must be components having frequencies 
which are an exact muliple of the fundamental wave; in- 
harmonic components are in existence in many tones and 
these are best called overtones to avoid confusion; the 
expression partial, while correct for any component, is 
not sufficiently precise and will not be used. 

The ear can, of course, only hear components over some 
range; the upper limit is very variable, for age, tempera- 
ment, inclination and other factors operate differently in 
different cases; see, for example, the effect of age alone on 
tonal perception. (Fig. 5.) It is desirable to suggest we 
should be able to hear a tone of, say, 10kc/s to establish 
a reference; but the operation of higher frequencies as 
combination tones does influence the fidelity in a marked 
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Fig. 5. Hearing loss with increasing age 


fashion and the extreme pitches up to about 15kc/s cannot 
be dismissed as insignificant by any means. 

The lower limit is about 16c/s, for although the ear 
can hear a much lower vibration rate, the individual waves 
are heard as such and the sound is not continuous. Much 
lower tones can be heard if they have an appreciable 
harmonic content, the fundamental appearing as a beat 
tone. 

The frequency range brings us to the question of accept- 
able pitch standards. All attempts to generate musical 
sounds would be abortive unless they could be used with 
other sound sources or the voice. For this reason, a 
standard of pitch must be available. Such a standard is 
now happily established at A = 440c/s. Many instru- 
ments are still to be found tuned to another pitch, but 
new instruments are adjusted to this international standard. 
It is interesting to note that A = 440c/s was first put for- 
ward by Schiebler in 1834, and considerably adopted in 
Germany at that time. The intolerable range of pitches in 
use, as compiled by Ellis, showing over 242 standards 
ranging from A = 370 to 567c/s, would have made 
musical synthesis impossible in many cases. 

It is helpful to look at the range of notes to be used for 
complete complex tones; this is not the same as the 
frequency range mentioned above for the range of 
independent waves which may be needed for synthesis, 
but represents what coverage may be expected from a 
musical instrument in terms of octaves. The musical staff 
may be said to have eleven lines, as in Fig. 6. The middle 
line is omitted unless required for a note, this note being 
middle C. Short lines are used as shown to extend the 
compass. The pitch range of the actual notes lies within 
the lines shown, except for the organ, which may extend 
upwards or even downwards. Therefore the range of notes 
in which we would be interested lies between C = 32:7 to 
C = 4186-0c/s, with a possible extension to C = 8372-0c/s. 
For the utmost fidelity, frequency range for the sources will 
require an upper limit of 16kc/s. The author cannot find 


Fig. 6. Octaves required for range of useful notes 
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any evidence either published or borne out by experi- 
ments Over many years that this limit is not adequate. 

At the moment we are only considering a single tone, 
whether simple or complex. It has already been said that 
measurements are made on such tones when in a steady 
state. However, all tones must be initiated. Experience 
has shown that the starting characteristics of such tones 
have an almost equal importance whether the sound is 
quite simple, or very complex. Helmholz has stated that 
the sound from a tuning fork, blowing across the neck of 
an open bottle, or softly played on a flute, is identical; 
these are extremely simple tones. The part played by asso- 
ciation of ideas enters so largely into the interpretation of 
musical sounds that it would seem laughable to state that 
an eminent musician could not tell the difference between 
the above sounds; yet this is only true when the source 
can be seen; a number of musicians were unable to tell 
which of these sources produced the sound when the 
source was not visible and the tone was heard after it had 
started. When the starting sounds were added, identifica- 
tion was easily possible, so clearly the properties of the 
initiation can be of great importance. 

Instruments which can be effectively synthesized include 
the pipe organ; indeed, it is perhaps the instrument most 
widely imitated. Since the organ must contain a number 
of stops simulating orchestral instruments, and since the 
stopped class of pipe features prominently in its tonal 
make-up, long observation has assessed the fidelity value 
of a particular kind of pipe on a tone which includes a 
complex starting tone in the case of nearly every kind of 
pipe except the diapason. It is generally agreed that the 
constituents of these starting tones are inharmonic, but in 
some cases they are definitely a musical note distinct from 
the steady state note. In other cases, the starting sound is 
a noise and the mechanism by which organ flue pipe tones 
(that is flutes, strings, diapasons) are generated is such 
that noise must inevitably accompany the production of 
a steady note’. This will be referred to in more detail when 
we come to consider the simulation of organ tone by 
electrical means. 

_ So it is clear that while the steady tone state of any 
instrument is to be considered musical, the starting of such 
tones is, in nearly every case, unmusical; in other words. a 
form of noise. To understand the complete sound spectrum 
required for synthesis, we must pay some attention to noise. 

It has often been put forward that noise and tone are 
two separate and distinct states of vibration, but in fact 
the statement that noise is non-periodic is not always true, 
and perhaps it is more correct to regard noise and tone as 
terms of contrast. There is a transition from noise to 
tone in most cases except in the case of sudden or isolated 
noises; further, many waveforms of short duration are not 
really those of noise, but are too short to be recognized by 
the ear. 25 to 40 milliseconds is required by an expert 
observer to really identify a sound, and probably much 
longer if the attention is not acutely drawn to the incidence 
of the sound. Here again we can detect the personal 
element, for example the drawing of a cork from an 
empty bottle is regarded as a noise. but it is really quite 
a musical tone; however, the senses tend to concentrate on 
a possible noise and, when the waveform commences, the 
mind automatically thinks of the process as producing a 
noise and does not trouble to wait and listen for the short 
musical tone following. For the same reason, the elec- 
trical reproduction of instruments having a pronounced 
initial noise of generation, such as the string family, saxo- 
phone, piccolo, etc.*, often acquires quite a different 
character when heard on a loudspeaker. being smoother in 
general than the original; this is because the very high 
frequencies composing the generating noises of the tone 
are not within the range of the amplifier or loudspeaker. 

Noise in the sense of a different wave spectrum from 
the main tonal spectrum is an essential ingredient of most 
musical sounds, and the physical means by which this 
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noise is produced are, of course, absent from electrical 
tone generators. This is one of the reasons why such 
synthetic tones are not, and cannot be, the same as those 
produced in the instruments simulated. Such a statement 
brings us at once to the question of tonal degradation, and 
this is coupled with some very complex phenomena in 
instruments having many independent tone sources. This 
subject is of great importance and space will be devoted 
to it in Part 2 of this series. There are one or two further 
characteristics of the ingredients of complex sounds which 
we should now note. 

It is commonly held that the seventh and ninth harmonics 
of a tone source are inharmonic and objectionable. If 
the waveform of a sound is periodic, then every harmonic 
must be in tune, and such a sound is musical. Fig. 7 shows 
an analysis of a clarinet tone, in which strong 7 and 9" 
harmonics are present. representing 8 per cent and 15 
per cent of the total loudness respectively; no one will 
dispute the beauty of clarinet tone. 
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Fig. 7. Analysis of clarinet tone 


Fig. 8. Inharmonic waveform of bell tone 


wre eee 


Fig. 9. Change in phase at instant of reversal of violin bow 


The foregoing implies that the whole harmonic series 
required for the formation of a tone at any instant is 
simultaneously produced in some form of generator. Should 
tonal synthesis. be attempted from the mixing of separate 
waves produced by independent generators tuned to the 
intervals of the equally tempered scale, the position is 
quite different, since in this case none of the intervals are 
exactly in tune except octave intervals. Such synthesis 
raises special problems which are examined in due course. 

Sounds of a musical nature can be composed of an 
inharmonic waveform, a good example of which is found 
in a bell. Fig. 8 shows a curve of a bell with no apparent 
waveform; an analysis of any part of it would probably 
show an infinite number of terms, but the real sound is 
undoubtedly composed of a finite number of overtones, 
which, being inharmonic, are incapable of analysis. 
Naturally such a sound cannot be synthesized electrically. 
Imitations are produced, with a certain likeness, but an 
instant’s comparison with the original will show the dis- 
similarity. 

It has been stated that differences in phase have no 
effect on a sound as interpreted by the ear. This refers, 
of course, to differences in a single sound source. For 
example, the change in phase during bowing a violin 
string is clearly shown in Fig. 9. The ear cannot detect 
any change in tone. It is often said that the effects of 
phase contribute to the effect of tonal richness in instru- 
ments having many tone sources, such as pipe organs. No 
evidence has been adduced that there is any such effect, 
and it is much more probable that the subtle coloration 
which the many sources do undoubtedly produce, is pro- 
duced by beats. 

Beat tones do, in fact, contribute much more to music 
than is generally supposed. For example, the ear detects 
a fundamental tone in the lower notes of a violin. The real 
fundamental is extremely weak, because it lies below the 
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are all characterized by a rapid attack or rise in initial 


“al fundamental resonance of the violin body and any sound each separate note of a frequency bearing some fixed rela- 
ch output lower in pitch than the resonance is very small. tion to each note, then the effect is much more subtle and 
se Adjacent strong upper harmonics produce the beat tone rich; such an effect is to be found in the pipe organ and 
nt which sounds, to the ear like the actual fundamental or is known as a celeste. It also obtains in the orchestra, 
id pitch note of the sound being produced. where players of instruments covering a limited pitch 
in Beats are formed when two simple tones sound together; range each introduce a vibrato of their own choosing at 
is the number of beats is equal to the differences of the rates related to the range of notes of the particular instru- 
-d frequencies. If there are only a few beats per second, they ment they are playing, e.g., the vibrato rate of a violin 
or are easily detectable as separate pulsations. If, however, is faster than that of a violoncello; the combination of these 
sh there are many beats, the ear hears a third tone equai many main tones so modulated is responsible for the extra- 

to the frequency difference of the two sources. Fig. 10 ordinary richness of a string orchestra. It can be repro- 
: shows the appearance of a beat tone. When the two duced by electrical means in multi-note electrical tone 
If waves are in phase as at a, they combine and pro- generators and adds to their appeal in an esthetic sense. 
ic duce a loud sound. At c, however, when the motion So far we have considered sustained sounds only, but 
IS of one wave is in one direction and that of the one characteristic class of sounds is percussive in nature; 
e other wave in the opposite direction, they tend to cancel, the piano, harpsichord, banjo, guitar, etc. In such instru- 
5 reducing the sound output. The beat tone at a and B_~ menis there is a highly complex vibrational state because 
ll sounds as if it were a real tone, but in fact it is only sub- the separate tone sources (the strings) are commonly 

jective, since the whole of the wave is composed of the coupled through a soundboard or resonator. Such sounds 
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Fig. 10. Formation of beats 


components due to the two sources and nothing else; but 
these subjective tones influence the ear in the same way 
as real tones. 

This example of beats is derived from simple waves, but 
the effect from complex waves is equally real and highly 
complicated; it is impossible of analysis but it serves to 
underline the difficulty of re-creating a simulation of com- 
plex tones from many separate sources through the 
medium of one tone outlet only. It is, in fact, impossible. 

Beats are commonly introduced into otherwise steady 
musical tones to form a vibrato or tremolo. Such beats 
are very slow in number and confined to a frequency 
range (for the notes) above 64c/s. The frequency differ- 
ence being great, the separate pulsations modulate the main 
tone as an easily distinguishable wavering of the tone and 
are a customary ingredient of vocal music. If, on the other 
hand, a means is provided for injecting a beat tone into 


amplitude, almost of a transient nature; followed by a 
gradual decay curve which is due to the absorption of 
energy by the resonator. There is mutual coupling between 
adjacent strings especially those harmonically related to the 
one being excited, and the waveform is constantly changing 
during the period of audibility. Electrically, the initiation 
of the strike tone and the decay characteristic can be 
closely simulated, but the change in harmonic content and 
the beat tones during decay (and there are many) cannot 
be simulated. Hence such electrical simulations have a 
curiously clear and pure tone, as would the physical 
vibrators of the guitar, etc., if there was not the mutual 
interaction between the strings due to the coupling by the 
common soundboard and the proximity of other strings 
tuned to the harmonics of the string being used. 

The above suggests that it would not be profitable to 
synthesize some kinds of musical instruments and this forms 
part of the subject matter of the next section. 


(To be continued) 
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A Sound Delay System 


In 1949 Haas discovered that for some as yet inadequately explained 


reason the human hearing mechanism locates the apparent source of 

sound from a multiplicity of loudspeakers as being at the nearest 

loudspeaker. This apparently simple finding has had a considerable 

effect on sound. reinforcement techniques where suitable control of 
the time delays of the signal to each loudspeaker makes it possible to 
obtain a remarkable improvement in intimacy and realism. 

The time delay required for the average large hall usually falls in 
the range of 30 to 120 milliseconds and has generally been obtained 
by the use of a continuously rotating drum of magnetically coated 
material. 

A simpler solution, using no rotating equipment, is to insert an 
acoustic delay line in a suitable part of the amplifier chain. Prelimi- 
nary work has shown this to be a perfectly feasible solution and 
equipment of this type is now in production by the B.T.H. Co., 
Rugby. Several equipments are now being installed in large auditoria 
where a preliminary experimental equipment has demonstrated its 
value. The complete equipment is assembled in the unit shown in 
the accompanying illustration, having overall dimensions of 24in. by 
20in. by 32in. high. The delay is provided by a length of rubber hose 
| cut to the appropriate length, 
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A Recurrent Sweep Chronograph 


for the Measurement of Small Time Intervals especially in Ballistics 


Hilary Moss, Ph.D., M.Brit.I.R.E., M.I-E.E. 


An equipment suitable for the precise determination of projectile velocities in ballistic investiga- 

tions is described. It has an advantage over the more normal counter chronograph in that the 

pulses are displayed on a CR.T. and, being of invariant characteristics, they cannot be confused 
with random noise signals. 


The instrument has a time resolution of +15pusec, while the maximum elapsed time measur- 
able is 10°usec. 


‘ia precise determination of projectile velocities is 
fundamental in ballistic investigations. The history of 
the art contains many ingenious methods which, in the 
early days, were usually mechanical. More recently, the 
application of electronics to this field has resulted in 
substantial advances in accuracy and convenience. 

A preferred modern method fires the projectile through 
two large coils separated by a distance of the order of one 
hundred feet. The magnetic disturbance which results 
generates small E.M.F. in each coil. Electronic methods 
are then used to amplify these disturbances and to 
accurately measure the time interval between them, so that 
the mean projectile velocity over the intervening path may 
be precisely calculated. 

Probably the most accurate time interval measuring 
devices are “counter chronographs.” These are electronic 
time scaling networks which measure the passage of time 
by counting the number of “time increments” which 
elapse between any two phenomena. These time incre- 
ments are the duration of each cycle of some internal 
oscillator. The latter is usually a highly accurate crystal 
controlled standard often having a frequency of the order 
of 10°c/s and thus yielding a time increment and a reso- 
lution of 10usec. Decade dividing stages operating suitable 
glow tubes, then permit the total number of cycles of 
_—_ during the interval being measured, to be read 
off. 

All such counter chronographs are provided with “ gate ” 
circuits which start the counting network on receipt of the 
first pulse and stop it on receipt of the second one. The 
application of such counters to the ballistic problem dis- 
cussed above, requires. merely that the pulses from the two 
coils are suitably amplified and clipped, so that they 
contain some sharply defined “edge” to act as a precise 
triggering signal. Provided the two coils are identical the 
phase relationship between the triggering pulses and the 
position of the projectile is unimportant. 

Experience has shown that this method is probably the 
most accurate of all, and it is widely used. However, it 
suffers from the drawback that the counter chronograph 
may be triggered by spurious pulses which the operator 
has no means of distinguishing from the genuine signals. 
Often this problem does not arise, since the noise level 
on short transmission lines may be made sufficiently low, 
but with some gun ranges this is a serious problem since 
for operational reasons the metering station has to be a very 
long way from the firing path. 

The recurrent sweep chronograph to be described over- 
comes this drawback, since the pulses are displayed on a 
c.R.T. Being of invariant, characteristic shape they can- 
not be confused with random noise signals. This particu- 
lar instrument has a time resolution of about +15usec, 
which is somewhat lower than the average counter instru- 
ment but quite adequate for most purposes. The maximum 
elapsed time measurable is 10*°sec, so that the maximum 
fractional accuracy is just under one part in seven 
thousand. . 
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Principles of the Recurrent Sweep Chronograph 


This is a display type instrument, which traces the gun 
signals on a C.R.T. surface raster, and superimposes a time 
measuring matrix. 

The logical starting point is the shape of the signals 
from the gun-range coils. This is sketched in Fig. 1. 
It closely resembles a la 
differentiated Gaussian / \ CLIPPED SIGNAL 
function. Typically its ’ 
duration is of the order 
of 1000usec, and its 
amplitude may be about 








10mV. In order to . / 
define accurately a refer- \ / 
ence edge, the signal is Ne 


amplified, and then to 
avoid confusion of the 
record, is clipped. The full-line curve of Fig. 1 then 
indicates the signal form, aB being the reference edge. 

These pulses are then deflexionally superimposed on a 
ten-line surface raster described on the CR.T. as in 
Fig. 2a. The surface, as distinct from a simple linear, 
raster is used merely to increase the time resolution. Each 


Fig. 1. Detail of signal 
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Fig. 2. (a) Gun raster; (b) timing 
raster; (c) combined rasters 


(°) 


al 


line is scanned in 10*usec, and the whole frame is scanned 
in 10°usec. The raster is scanned continuously, and special 
circuits ensure that the flyback time in both line and frame 
is less than 10sec. 

Normally the display is blanked out, but on receipt of 
the leading edge of the first gun signal (not the part AB), 
a brightening circuit operates, and switches on the C.R.T. 
for 1/10sec, i.e., until one complete frame has been 
scanned. Thus the second pulse is automatically dis- 
played provided it arrives within the frame period, which 
is the maximum time interval measurable. 
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The raster is controlled trom a precise 1 000c/s tuning 
fork, followed by two series connected decade dividers, 
which drive the line and frame generators. The linearity 
of this raster is very high, but errors in time measurements 
on it are reduced by superimposing sharp “pips,” 
1 000usec, apart. These are derived directly from the 
tuning fork and a shaping network. Thus the time interval 
between the two pulses under study is measured to the 
nearest 1 OO0Ousec, by a pure counting process (limited in 
accuracy only by the fork accuracy), and it is only in the 
interpolation between the “pips” that the accuracy is 
limited by such matters as trace resolution and linearity. 

The timing raster (Fig. 2b) is photographically super- 
imposed on the gun signal record. Shortly before the gun 
is fired, the shutter of the recording camera is opened: 
the leading edge of the first pulse switches on the C.R.T. 
in time to receive the reference edge aB, and the camera 
records both this and the second pulse; a switch is then 
moved which lays down the timing raster: the shutter 
is closed and the record is complete (Fig. 2c). A 
Polaroid-Land camera is used, and this embodies a very 
ingenious and satisfactory self-contained development 
process. So far this is virtually unknown in this country, 
but it has found wide 


are introduced into the grid of one of the cathode coupled 
frame time-base amplifier valves. 

To understand the remainder of Fig. 3, suppose that 
the “function switch” is in the right-hand position, i.e., 
the instrument is ready to receive the gun signals. These 
are introduced via the left-hand bottom corner, are ampli- 
fied and clipped, and then applied along with the frame 
time-base signal to the frame time-base amplifier. The 
switch § is also in the upper position so that the amplified 
gun signals trigger the Eccles-Jordon multivibrator M. 
This fires the “ one shot” trigger which generates a square 
brightening pulse lasting ng sca 1/ 10sec. The 
Eccles-Jordon multivibrator acts as a reset relay, and 
prevents any further signals from firing the “one shot” 
until it has been reset. 

The function switch is then turned slowly through the 
vertical position (No. 2) to the left-hand position (No. 1). 
In the vertical position a number of circuit re-adjustments 
are automatically performed. Moving across the switch 
from left to right— 

Bank 1. The multivibrator M is re-set. 


Bank 2. The frame sweep amplifier is connected to the 
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This camera employs a 
special film, incorporating 
its own developer which 
is contained in a capsule. 
The latter may be broken 
by a lever after each 
frame is exposed, and a 
system of rollers then 
spreads the developer over 
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C.R.T. yet developed has 
two guns capable of 
achieving the high degree 
of coincidence between 
the two rasters which is 
essential. If on the other hand the timing pips are mixed 
with the gun signal and applied together to the same set 
of plates, then trouble arises when the reference edge of 
the gun signal is too near a time pip. The successive raster 
method used has proved entirely satisfactory—it requires 
merely that the circuits are stable over the brief interval 
of time between writing the two frames. 


Details of the Circuits 


Fig. 3 shows a block schematic indicating in more detail 
the functions so far described. In the left-hand top 
corner is the master-timing tuning fork, which is a tem- 
perature controlled packaged unit made by American Time 
Products Corporation. This is followed by a squarer 
stage and then an Eccles-Jordan bi-stable multivibrator 
giving sharp pulses at 1000 p.R.F. This again is followed 
by a decade frequency divider (also a packaged unit made 
by the Potter Instrument Co.) The output consists of 
sharp pulses at 100 p.r.F. and these drive the line time- 
base which in turn feeds the horizontal deflectors through 
a push-pull amplifier. A second decade divider fed from 
the first, yields pulses at 10 p.r.F. and these drive the frame 
time-base. Thus the raster is continuously scanned. The 
signals, either from the gun coils or time mark generator, 
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Fig. 3. Basic block diagram (without power supplies) 


pulse shaper driven by the fork, and is dis- 
connected from the gun signal line. 

Bank 3. A slight change is made in the b.c. level of the 
frame sweep amplifier, to ensure that the 
timing pips write at the correct level with 
regard to the gun signal reference edge AB. 

Bank 4. The grid bias on the c.r.T. is changed so that 
the relative writing intensities on the two 
rasters are appropriate. 

Finally the function switch is moved to the left-hand 
position (No. 1). This changes nothing except Bank 1 
which fires the Eccles-Jordan and thus lays down the timing 
raster. In that way the record is completed. 

Some of the circuit elements shown in Fig. 3 will now 
be treated in more detail. 


(1) THe TimME-BASE GENERATORS 

Both line and frame generators are essentially identical 
apart from slight changes in component values in the charg- 
ing network. It suffices therefore to discuss one only, 
which will be the line time-base. This is shown in Fig. 4. 

The whole problem is to obtain a very fast flyback, so 
that there is virtually no chance of the reference edge AB 
occurring during this period. The specification calls for 
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Fig. 4. Line sweep generator 
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Fig. 5. C.R.T. brightening 


pulse generator 
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less than 10usec on both line and frame. This is a flyback 
ratio of 1000 and 10000 respectively, which is quite out- 
side normal circuit performance. 

Referring to Fig. 4, the output amplifier stages V, and V, 
are conventionally cathode coupled. The right-hand side 
of V, is also conventional, being a “ bootstrap” circuit to 
achieve a high degree of linearity. The discharge circuit 
yielding the flyback is new. : 

Normally the left-hand portion of V,, which is diode 
connected, is cut-off by the positive potential on its cathode 
developed by the potentiometer R, and R,. This permits 
the time-base to develop the forward working stroke, dur- 
ing which time the cathode of the right-hand side of V, 
travels in a positive direction. Presently a pulse from the 
decade counter is applied via the limiting stage V, to the 
paralleled grids of V;. This valve is normally near cut-off 
by virtue of the bias developed across the cathode 
load R,. The large amplitude positive pulse 
applied from V, causes the instantaneous anode 
potential of V, to fall through several hundred 
volts towards the negative rail potential. This 
pulls down the cathode of the left-hand side of V, 
which immediately becomes highly conductive, 
and so very rapidly discharges C,. During this 
flyback period the cathode of the right-hand side 
of V, moves very rapidly negative. This potential 
change is transmitted to the right-hand grid of 
V.. which is a cathode coupled amplifier. At a 
defined point in the flyback period, and con- 
siderably before the potential across the diode 
portion of V, is low, the left-hand side of V. 
thus becomes highly conductive, and this shunts 
the output circuit of V,. This shuts off the posi- 
tive pulse being applied to the grids of V,, and so 
terminates the flyback. 

This technique avoids the necessity of paying 
much attention to the trailing edge of the fly- 
back controlling pulses coming from the decade 
divider. 

The frame time-base amplifier includes a switch 


signal, considerably before the reference portion AB arrives. 
This gun signal is fed via S$, and attenuator R, to one half 
of a 12AU7 (V,,»). This is loaded in both anode and 
cathode, and when followed by V,, in the manner shown, 
acts so as to yield a negative going pulse at the left-hand 
grid of V,,, regardless of the sign of the input pulse to the 
generator. 

This pulse cuts-off the left-hand side of V,,, which is a 
normal Eccles-Jordan trigger. The sharp resultant positive 
pulse developed in the left-hand anode then fires the “ one 
shot” V,, and a positive pulse is developed at c. The 
duration of this can be controlled by R,, and for the values 
shown is about 1/ 10sec. 

Once the left-hand side of V,, is cut-off, further negative 
going pulses have no effect, and the trigger is “ jammed ”. 
This prevents any further brightening pulses from spoiling 
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(Bank 2 of function switch—Fig. 3) in the 
grid circuit of one of the output valves, which 
feeds either the gun signals or time marks through 
appropriate time-constants on to the frame axis. 
Another switch (Bank 3 of function switch) 
operates in the shift potentiometer network of 
the other valve to bring about a new level setting. 
so that the time pips write at the correct height. 


(2) THE ‘SIGNAL AMPLIFIER AND BRIGHTENING 
PULSE GENERATOR 

These units are shown in Fig. 5. The input to 
the amplifier which is of the different type, is in 
the left-hand top corner. A differential input 
system is essential to give high reiection of in- 
phase signals and so to permit working on long 
transmission lines. The network around the 
switch S, allows a synthetic signal to be injected 
for test purposes. The gain control comes afier the second 
stage, and consists of R, and R,; which are mechanically 
ganged. Clipping is performed by the double diode V,, 
which is a 6AL5. R, and R, control the clipping level. 
Symmetry of clipping requires that the grid of the cathode- 
follower stage V,,. should normally reside at approximately 
zero volts to ground. This adjustment is made by means 
of the connexion between the slider of the potentiometer 
R, and the grid of the top half of V,,. The output at D 
goes via Bank 2 of the function switch and a suitable time- 
constant to the grid of one of the cathode coupled output 
valves of the frame time-base. 

From the anode of V,, a connexion is made via a 0:‘5MQ 
resistor to the input of the brightening pulse generator. 
This take-off occurs before the clipping stage, and ensures 
that the Eccles-Jordan fires on the first rise of the gun 
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the record. Resetting of the trigger is done by closing S,, 
which again renders the left-hand side conducting. This 
operation is automatically done on Bank 1, position 2 of the 
function switch. The Eccles-Jordan is fired manually by 
closing S,, and this is done automatically on position 1, 
Bank 1. 


(3) CaATHODE-RAY TUBE FEED CIRCUITS 

These networks are drawn in Fig. 6. The actual high- 
tension source is a conventional voltage doubling network 
and is not shown. The centre point of the two voltage 
doubling capacitors is grounded, so yielding a supply giving 
about +3-5kV and —2-8kV to ground. The differences in 
ground potential are due to unequal current drain. This 
general arrangement is made necessary by the use of a 
post-accelerator type of C.R.T. 
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Both positive and negative supplies are 
electronically stabilized. The stabilizing refer- 
ence potential is generated by a series con- 
nexion of some twenty-two type NE2 glow 
tubes in series with R,,, R,,, and R,,. The 
voltage across the glow tubes is about 1-9kV. 
V,, thus acts as a cathode follower shunt | 
regulator, and produces a stabilized line 1-9kV 
below ground. A further stabilized rail about 
150V more negative is provided by the glow- 
tube V,,. 

Positive rail stabilization for the post 
accelerator is given by the simple shunt 
regulator tube V.,, which derives its control 
potential from the negative line. 

Arrangements for the supply of the focus- 
ing anode and grid potentials are quite con- 
ventional. The switch S, is Bank 4 of the 
function switch, and serves to re-adjust the 
mean brightness of the c.r.T. when the raster 
is changed from gun signal to timing pips. 

Short brightening pulses synchronized with the timing 
pips are introduced at a. The timing pips applied to the 
frame amplifier are differentiated by a short time-constant, 
so as to produce pulses almost proportional to the writing 
speed of the pip. In this manner the trace brightness over 
the whole pip is held nearly constant. 

The frame brightening pulse from the “one shot” 
multivibrator is fed in at C. V,, which is one-half of a 6SN7 
serves to limit the pulse by reason of grid current flow in 
the 510kQ grid resistor, so that “shading” of the rastar 
is avoided. The positive going pulse makes V., conduct, 
and this pulls the c.r.T. cathode negatively, so brightening 
the trace. The switch S,, when closed, permanently opens 
V.,, and this permits the rasters to be set up in focus and 
brightness while the instrument is being adjusted. 5S, 
is then opened, and the display becomes blanked out until 
the appropriate pulse arrives. 


The Complete Instrument 

The remainder of the circuit although fairly extensive, 
is quite conventional and calls for no special comment. 

Fig. 7 shows the complete instrument, including the 
Polaroid-Land camera in situ. A viewing port in the top 
of the camera tube permits the rasters to be set, without 
actually removing the body of the camera. 

To avoid risk of magnetic interference, the C.R.T. is 
enclosed in a mumetal screen, and in addition most of the 
power supplies are contained in the separate box. 





Fig. 8. Portion of a typical record 


Fig. 8 is a portion of a typical record. Only five of the 
ten lines are shown. The time interval between the cross- 
over portions of the waves is 33 400usec, and the estimated 
uncertainty is about +15usec. The fractional accuracy 
is thus about one part in two thousand five hundred. 
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Fig. 7. The complete instrument 





Television and Sound Broadcast of The Royal Review 


Details have just been announced of the technical 
arrangements by which the BBC broadcast both in tele- 
vision and sound the Coronation Review of the Fleet by 
Her Majesty the Queen from Spithead on June 15th. 

For the television broadcast three cameras were located 
in the dockyard at Portsmouth and two cameras on board 
both H.M. Aircraft Carrier Eagle and Recovery Ship 
Reclaim. 


The new feature in this television broadcast was that 
for the first time cameras were placed on board ship and 
that in consequence a number of special circuit arrangements 
were necessary. To avoid hum-bars, a 50c/s locking signal 
derived from the electricity grid system was fed by a radio 
link to the ship-borne cameras operating from the ships’ 
electricity supply. The vision signals from all seven 
cameras and accompanying commentaries afloat and ashore 
were conveyed by centimetric links to a BBC mobile Con- 
trol Room at the Admiralty Signal and Radar Research 
Establishment at Portsdown near Portsmouth. Further 
centimetric relay equipment installed at Butser Hill and 
Gibbet Hill carried the programme to the BBC receiving 
site at Highgate, where it was fed to the main television net- 
work. 


The television transmitters and associated equipment on 
board H.M.S. Eagle and H.M.S. Reclaim were designed 
by Pye Ltd. and have an output of 500 watts giving a 
range of some 15 to 20 miles. 


The directional aerial arrays on board H.M.S. Eagle 
and H.M.S. Reclaim were beamed on Portsdown Hill and 
were stabilized in azimuth to compensate for any swinging 
or turning movements of the ships. 


Equipment used for the broadcast included cameras of 
the image-orthicon type made by Marconi’s Wireless Tele- 
graph Co., Ltd., and Pye Ltd., and radio links manufac- 
tured by these firms as well as by Standard Telephones and 
Cables Ltd., the General Electric Co. and Mullard Ltd. 


The sound broadcast commentaries from the ships were 
conveyed to the main reception point at Southsea Castle 
by radio link and thence, together with those from the 
shore commentary points, to London and the BBC trans- 
mitters throughout the country by G.P.O. Lines. 


For the European Services and European visiting broad- 
casters one live commentary point and eight tape record- 
ing channels were provided in H.M.S. Indomitable. Over- 
seas services and visiting broadcasters were provided with 
one live commentary point and eight sets of recording 
gear in H.M.S. Indefatigable. 
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Synthesis of Uniform Transmission Line 


By D. W. C. Shen*, Ph.D. 


The uniform transmission line is synthesized by an infinite number of four-terminal networks; 
the limiting values of the associated infinite matrices are evaluated mathematically as well as by 








physical reasoning. 


It has been shown in the matrix theory of four-terminal 
networks’? that any linear, passive, bilateral quadripole 
structure is characterized by a square matrix of the second 
order, given by the equation: 


ia 
[M] = CD. 


The elements of [M], known as the general circuit para- 
meters, are related by the equation: 

AD — BC=1 (2) 
and hence the determinant of the matrix is unity. The use- 
fulness of the associated matrix of the four-terminal net- 
work is best illustrated by considering the cascade con- 
nexion of two circuits of Fig. 1, in which the first network 
with parameters, A,, B,, C,, D,, is terminated in a second 
network with parameters, A,, B., C;, D,. Denoting the 
voltage and the current at the junction by E and / respec- 
tively and applying the fundamental matrix equations 


{ é: 








— TJ, — 








A2 5, 


é, 





i . el 





























Fig. 1. Cascade connexion of two circuits 


connecting the input and output quantities to both net- 
works, we have: 


rE, | - ieee | 
el ee |e eee 9 
and 

I f Ee | 

ly ne C.D. eens (4) 





The associated matrix of the whole network may be 
obtained by eliminating E and 7 between Equations (3) 


"Te ] [8 m) feel (*] . be *, | |. (5) 


E, 


I, Cr Dis Ge yD eee ls I, 


and we have the following matrix relation: 
A °] A, B, agi 


i P| 


whose elements are the general circuit parameters of the 
whole circuit and that of the component circuits. 

For every given network, the associated matrix has a 
fixed set of elements characteristic of the network; thus, 
for the uniform transmission line, whose total series 
impedance is Z and whose total shunt admittance is Y, the 
associated matrix is: 


V(Z/Y)sinhv (ZY) 
cosh V(ZY) 


Now, physically the uniform line may be approximated 
by dividing the line into n identical sections, each of which 
is replaced by either an equivalent T-network or an equiva- 


& 74 


Fig. 2. Equivalent T-network 


>|< 





lent z-network. The associated matrix of the T-network 
of Fig. 2 is: 











ZY ZY. 
1+ on? zin(1 + 22) 
Pe ae ee an eae eae (8) 
Y/n 1 + = 
; 2n? 
Zz 
na 
Fig. 3. Equivalent 7-network oe oe 
2a 2n 
and for the z-network of Fig. 3, it is: 
VAG 
1 pate 
+ On? Z/n 
[M] = ow gytyo (9) 
Y [it +—— —— 
/r ( + <4 i+ ant 
; Z 
Besides T- and z-net- 2 
works, the sections of a 
uniform line may take a 
on many other forms 7s 
of identical networks or 
of mixed networks. 4 
Thus the 7- and the 
m-sections may be re- e 
placed by the structures ” y 
shown in Fig. 4(a) and om 
Fig. 4(b), whose asso- 
ciated matrices are + 
given respectively as: Fig. 4. Alternative structures 
Sir ae (7) 1 
tal eos ee bes) far ci neers Wc) Eons carats ood (10a) 


A te cosh V (ZY) 
I< D}\~ {V(¥/Z)sinh V(ZY) 


* The University of Adelaide. 
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im — [1+ a4 18 ae (10b) 
L ¥/n 1 


Evidently the uniform line may be regarded as the limit- 
ing case of either of the above approximation networks as 
the number of sections, n, becomes infinite, while Z and Y 
remain constant. Therefore, from physical reasoning, we 








obtained by a collineatory transformation** of the matrix 

[M]. In order to diagonalize the matrix [M], the follow- 
ing matrix is introduced: 

pu-D =D 

(Bje= Ci C c 


Py 38 


and its inverse 


are led to the relations: | -A.+D 
ZY ( ZY )] n 1 c 
14 =— zinlt 4 Mies 2 Re (20) 
nae ZY ; C 
Y/n 1+ on? | Thus we may write: 
ZY pas ta acca A. +D 
ee an? Zin 1 ER: Wb ha a A. —D 
- 7 c ||A B — as 
=Lim -_ _ Fee C C 
ae y/n{1 es -) b= —— A -A 4 -O ic: D | 
4n? 2n? 4 ; —1 C 1 l 
/ od } n : 
[ = r fi. = zin | 
= Lim ZY ih ere: ee: wee re yay ee it ee eo (21) 


=—Li n 
E >| Y/n 1 | 


cosh VZY VZ/Y sinh fo OEE 
Vv Viz sinh VZY cosh VZY 


To demonstrate the above relations mathematically, start 
with the fundamental theorem of a square matrix. Since 
every square matrix must satisfy its characteristic equation’, 
we have: 

ia? — fA, + AJM +A Ad =—0 |....24. (12) 


n>o [¥/n ia = ~ | 
n 


or 

[M]}? = (A, + A.)[M] — A,A.[f] .......... (13) 
where [M] is a square matrix of order 2, A, and A, are the 
two unequal latent roots, and [/] is the identity matrix. 
Multiply Equation (13) by [M] and then eliminate [M]’ by 
Equation (13); we get: 


1 : : 

[M]* = +o. — A,*)[M] - A,A,A,? 5 ann} (14) 
Repeating the process, we finally obtain the following 
identity : 

1 
my = fa." - 90M) - a.02+ - an] 


Pe eeiea kame sims wisp > (15) 


The characteristic equation of the associated matrix [M] 
given in Equation (1) is: 
A — (4 + D)A4 1 =O . oo oes (16) 
For any of the four basic structures given above, we note 
that A + D = 2(1 + ZY/2n’), and hence the characteristic 
equation is the same for all the relations in Equation (11). 
The two roots of Equation (16) are: 





Conversely, we have: 
Ki 0 " 
[M] = [L] “en [L] 


An interesting relationship follows from Equation ( 
namely: 


A, 0 A, 0 A, oF 
ior = 121], » frail * ere), yer 


(22) 


22) 
a=); 


This relationship may readily be generalized with the 
result that the n‘” power of the non-singular square matrix 
[M] is given by: 


oe 
MP = Fat enw iceath >: lobe Soik 24 
[M] [L] h als (24) 
Now, post-multiplying i d ] by [L]~ gives: 
OP = 2 RRO chert. 
A, — A, * CA, —A,) 
ri eile: DOPEAE (25) 
_—A,* oa = 2. 
4, - A, * CA, —A,) 


and pre-multiplying Equation (25) by [LZ] results in the 
following matrix: 


Bee + ay. 2r° TAMA, —D)—As"As—D) — (A,"—Az"\(A, —D\(D -A.) 
A =14+5>- —-+ AgNO) Gil — Ae ORE —A 
on ad 4n : Ai —Az CA, —Az,) (26) 
2y2 ; a 
Meth tS tA ae tg] plat AMD—A)— Me" =D) | 
2n’ Vin 4n* hc ei, seis 


According to Equation (15), we have: 


A ( As” — a") pi att 
he > A, ~ Ay 
Lim[M}*= Lim 
n-> © 


A, — A, 


which will be used to prove the relations obtained 
previously by physical reasoning. 
It is interesting to note that Equation (18) can also be 


A, — 
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.< ‘| “ ( —) D ( PE seen 


Remembering that A,+A,= 

i +(A + D) and d,A, = 1, we 

(18); can reduce Equation (26) to 
: Equation (18) immediately. 

To find the limits of Equa- 

tion (11), let us choose the 

m-network as an _ example. 

Thus Equation (18) for the z-network may, after arrange- 

ment, be written as: 


As” — A," 
ond 


Ay A, — Ay 
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a , 2¥ Av=-" Z Asa" 
vo 2 ; “No 4 As-A 
Lim [M]" ~ Az A, n dN, A, n 2 1 (27) 
ais (15 Eye dew Qt-As-)-Os-a) | Z¥ Atoa 
4n? Jn 2X.-A, A2—A, 2n*? - XA, 


The following limits are readily computed; 
(1) Lim n(A, — A,) = 2V(ZY) 
a-—> © 


(2) Let A, = ea, A, = eta, 

then A," — A," = 2sinhna 

Differentiate A," with respect to n; we have: 
dX," d(A,") dv, ets 
een tS See he oe 1 ax ( a) 
d" di, dn 

or 


nr a _ ide x)= A, 2a ) 
ge e Vtwszriaey 
taking the limits on both sides, we get: 


ZY/n* + ZY’ [2n* 





Asn>o, 


Lim 
n ae (na) = V(ZY) or A," = e- VZY and At =e-VZY 


Hence 
Lim 7), A® =" _ Zsinh V(ZY) 
A2.—A, V(ZY) 
= Vi) Y) sma V(ZY))<«:. 28) 
and 
Pee ener. Bee tee 
cies aie Ba” ey -Bok 


Y sinh V (ZY) 
baa OR te . / ¥ 
VZY) V(Y/Z)sinh V(ZY) (29) 
(3) 
Lim @ —A,""")-Q,"-A,*"') 7Y A* =e 
n—>0O A.—A, ” an? 2X, Az ae 
“pin OF = 5-9-0) ti MA -2 
n> A.—A, Sere A.—-A, 
=Lim eV¥2¥ vzy +e-Y2¥vZY ~ cosh vizy).. 


n-> © 


From Equations (28), (29) and (30) it follows immediately 
that: 


Lim[M} ne V(ZY) V(Z/Y) sinh -* 
a EV ae VP) cosh V(ZY) 


The other equalities given in Equation (11) can be proved 
with very little modification because the characteristic 
equation is the same for all cases. 

The above approach to the uniform line replaces the con- 
ventional method of differential equations and clearly 
demonstrates the elegance of matrix theory in network 
synthesis. 

It is obvious that the behaviour of artificial lines and 
other structures of similar type, such as wave filters, is 
closely allied to that of the transmission line. In fact, the 
structure known as a constant-K, low-pass filter with its 
filtering properties, was originally discovered as a result of 
inserting loading-coil inductance in telephone lines*. The 
ideal filter possessing no dissipative elements is equivalent 


Fig. 5. Cascaded structure 
f, k_. I k+! 


FE. fEva 




















——> 















































JULY 1953 


to a transmission line over a band of frequencies which 
may be made as wide as required; outside that band the 
resemblance ceases and the filter exhibits its cut-off effect. 

The utility of the latent roots of the associated matrix 
in determining the band-pass characteristic of a quadripole 
can easily be demonstrated. Consider the cascaded struc- 
ture of Fig. 5. The fundamental matrix equation of the k* 
quadripole is: 





| fs “| a 
gs SACS, © Riek VRRP roe ere (31a) 
L Ik Cc 2 a 
or 
ea -|¢ La (31b) 
L Is, Cc D ne i a anata, “Oi sar 


If the inverse matrix is made equal to a constant, say S, 
times the identity matrix, 


tA 5 ' - 
fo pp rae (32) 





Obviously S is 1/A. Now set A, =e-4, A,=e*4; we have: 
4, +A, = A+ D=2cosha = 2cosh(a+jb) .. (33) 
For zero attenuation, a = 0, Equation (33) reduces to: 
A, + A, A+D _ 
ae aaah ° ts CORID le taercracntins (34) 


so two conditions are imposed upon the two unequal 
latent roots: In terms of A and D, they are: 

(1) A + D must be a real number. This can 

always be satisfied if the network is 
non-dissipative. 


"(l= A2) ; 2) -1<4+2 <1. This is true only 
; for certain frequencies. 
..+ (30) Guillemin’ gives the condition: 
villains i te VZinZe2 ae 
where Z,, = A/C, Z,. = 1/C. Zn = D/C. Hence, in terms 


of A and D, the condition is simply: 
~1<VAD<1 
Our condition (2) is not much different from that given 


by Guillemin, since a+ < VAD, and for a symmetrical 


structure, A = D, they are identical. 


From the viewpoint of synthesis, the artificial line 
simulates the real line at one particular frequency only, 
but approximates to the real line over a certain band of 
frequencies. The greater the number of sections simulating 
a given length of line, the greater the band of frequencies 
over which the properties of the artificial and real line 
correspond until the number of sections becomes infinite 
it is then identical with the real line. 
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The Sunbury Portable Frequency Standard 


for 100c/s to 109kc/s 


By A. H. 


Morser* 


A portable frequency reference source for calibrating laboratory instruments is described. It 
has an output in the range 100c/s to 100kc/s and was designed primarily for calibrating Sunbury elec- 
tronic tachometers. The fundamental frequency standard is a vacuum mounted \00kc/s quartz 
crystal. Correct operation and an output greater than 25V R.M.S. are maintained with mains 

variations from 200 to 250V. 


A REFERENCE standard was required for calibrating 
various laboratory instruments measuring time and 
speed. Some of these were not portable, so it was desirable 
to standardize them in their working positions. A single 
signal in the low audio frequency 
range, accurate to 0-1 per cent, satis- 
fied most requirements. 


divider stages, which are electrically similar. The frequency 
of the input to the first stage is 100kc/s which modulates a 
90kc/s input in valve V, to produce an output at 10kc/s. 
The 10kc/s signal drives the non-linear valve V,, from 


TABLE | 
Frequency Division by Different Methods 














































































































For experimental work a resistance- TYPE OF DIVIDER CIRCUIT 
capacitance oscillator with good short- ONE STAGE OF 
term stability (better than 0-2 per cent DIVISION BY 10 | REGENERATIVE | LOCKED | | PULSE 
per hour) was available. In order to DIVIDER | — MULTI- SCALER | GENERATOR 
check this throughout its range, the VaRATOR Ppp re tiaceerecsnng 
standard had to provide outputs. at a 
— F and 10kc/s. . VALVES USED 2 pentodes 2triodes ‘8 triodes 1 pentode, 
arge number of fractions and | | 4 diodes 
multiples of standard frequency can | | | 
be recognized by the simultaneous VALVE ENVELOPES 2 | 1 4 3 
display of sine waves on a double- 
beam oscilloscope, and by this means TUNED CIRCUITS | 2 0 0 | 0 
interpolation gaps can be reduced to a i An ea 
> | | | 
Sea cont; of es -uainown PONENTS oi None Valves C & R| R ee ef-s 
The output may be used to drive OUTPUT FOR NO INPUT | None | False. | None | None /I 
non-linear circuits fed to electronic | 
tachometers, or compared with other OUTPUT FOR WRONG | | | 
sinusoidal voltage generators. INPUT FREQUENCY f | None False f/10 | f/10 
s | ' 
Design NATURE OF OUTPUT .. Sinusoidal | Rectangular | Square | Rectangular 
Sunbury electronic tachometers |__impulse__|__wave_—_|_ impulse 
derive their ‘input impulses from 
either an electromagnetic pick-up facing one or more ra ——= 7 
projections on the engine shaft, or from the ignition system Orch | \ | 
of the engine. At maximum speeds, the tachometers  Joscirator pe] AMPLIFIER Hole}, MIXER Foy}, MixeR ) Mixer Lb 
receive 100-200 impulses per second. The lowest output “I ‘2 ; aS im2_s 2” 
ov from the standard has therefore to be of this y! 90ke)s . Oke/s , 900¢/s 1! 
It was decided to use a vacuum-mounted quartz crystal Harmonic || '|] Harmonic }]!|] HARMONIC | 
as the master oscillator, as these crystals have high accuracy | [GENERATOR b@ | “J GENERATOR [#! | GENERATOR 4 | 
and stability and low initial cost. The lowest frequency Va | Ye | ‘8 1 
readily available, however, was 100kc/s and several stages eal 7 as Poa gs ee P 
of frequency division were required to obtain an output catnooe-| 6 fs 
frequency of 100c/s. FOLLOWER |——b>™ “Okc /s 
Three consecutive divisions by ten were employed, with Md o-Olkels 
the intermediate frequencies available at the output J output 


terminals. It was undesirable that divider adjustments 
should be accessible from the panel. In the event of valve 
or component failure, no output should be available, other- 
wise a fault leading to division say by 9 and 11 
consecutively could produce an output only 1 per cent 
different from the desired frequency. 

The frequency division is obtained by regenerative 
modulation, and Table 1 details the reasons for preferring 
this method to the more usual multivibrator. 

In the functional block diagram (Fig. 1), the three com- 
partments enclosed by dotted lines represent the three 





* Formerly Anglo-Iranian Oil Co. 
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Fig. 1. Functional block diagram 


which the ninth harmonic at 90c/s is extracted and fed 
back to V,. The stability of the output depends on the 
tuned circuits being sufficiently sharp and stable to pre- 
vent division by 9 or 11, a condition easy to satisfy at 
frequencies above 100c/s. The dividers will only operate 
when their input frequencies are approximately correct. 
The wanted frequency is selected by switch S, and fed 
through a cathode follower to the output terminals. 

The theoretical basis of this type of divider was 
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Fig. 2. The complete circuit 


thoroughly discussed by an American investigator’, in 
1939. He gave a comprehensive list of references. 

The circuits are laid out in sequence from the oscillator 
at one end to the 100c/s stage at the end remote from the 
power supply. The latter is placed, together with the 
stabilizer and cathode follower, in one corner at the back 
of the chassis. 


Description of the Circuits 
DIVIDERS 

The circuit diagram (Fig. 2) shows that the divider stages 
are all similar in static electrode voltages, current consump- 
tion and type of valves employed, etc. The alternating 
voltages are of the same order on each stage, and only the 
tuned circuits, coupling and by-pass 


harmonic generator. The 100kc/s signal, for example, is 
fed into grid 1 of the mixer valve V, at an amplitude of 
1-5-3 volts. Less signal gives a lower output, but larger 
inputs give no more output with the risk of operating at 
some unwanted harmonic. The mixer takes in a 90kc/s 
signal of the same amplitude on grid 3, and the resultant 
signal operates a 10kc/s tuned circuit in the anode 
supply. The 10kc/s signal is used to overdrive V,, an EF91 
from which the ninth harmonic is extracted by a tuned 
circuit and fed back. The system starts itself above a critical 
low amplitude of input. The Q of the 10kc/s circuit deter- 
mines the extent to which the system will not work on 
adjacent modes, because a change to dividing by 9 or 11, 
changes this frequency by 10 per cent to 9-091 or 

















capacitors vary to suit the particular FARES 2 

frequencies at that stage. The values Tuned Circuit Data 

for the coupling and by-pass capa- | TRANS- 

citors are not critical, the smallest | com FREQUENCY FORMER); L | Q* Ct WINDING CORE 
values to give reliable working being RATIO 

employed. All components except | 

those in the tuned circuits are + 20 T, . 100kc/s osc.; 1:10 6mH | >100; 450-600pF Fe 36 S.W.G./ cs4/ 
er cent of nominal value. | O0t. 36 s.w.G. | C54/V 
Table 2 gives the data on the tuned hy = sees 38mH | =| 20-SOpF 750t. 38 S.W.G. |, 
circuits. The resonant capacitances iat “ as oe, Ae). Slee oon . a " 
are lower than at first to be expected, | 7, | 10ke/s — |90mH) 60 | 2700-3000pF 1 250t. 40 s.w.c. 
because the capacitive potentiometers T; | 9kc/s 1:55 |170mH 50 | 1600-1 750pF 1 665t. 42 s.w.a./ 
feeding the following valves are in 280t. 42 s.w.c. ‘ 
parallel with them. Coils with suit- I; , 1-0kc/s — 10H | >100 | 0-:024-0:035uF | Toroidal coil $274 | 
able dust cores are used to give a high T, | O9ke/s | 1:55 | 10H | >100 | 0-029-0:031 nF » ss S275) 

Q at their resonant frequencies. L, | O-lkc/s — |125H;| 30 0-2uF » 9» 9276! 

















—_- 


Each divider consists of a 6F33 
triple grid control valve used as a mixer 
frequency changer, and an EF91 as 


* At working frequency. 

+ All capacitors are silver mica except the 100c/s capacitor which is a 750V wkg. 
tubular paper shunted to value. 

The cores and coils were supplied by Salford Electrical Instruments. 
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11-111kce/s, while a 90kc/s signal is only changed by just 
over 1 per cent. 

The 6F33 anode amplitude is restricted to about 50V 
peak, because the anode impedance falls with decreasing 
anode voltage. The circuit values are arranged not to 
overdrive this circuit and so cause reduction of selectivity. 
In the 100c/s stage it was found necessary to reduce the 
amplitude of the 100c/s signal by reducing the feedback 
from the 900c/s circuit to get stable operation. This was 
done by increasing C,, The harmonic generator is 
operated with a grid base of about 4 volts. With a peak 
anode signal of 30-50V, conditions are at the optimum for 
producing ninth and adjacent harmonics. 

The 90kc/s tuned circuit is used as a transformer whose 
primary impedance extracts maximum power from the 
pulse of anode current in the harmonic generator. The 
resulting high voltage swing on the secondary is divided 
down to feed the mixer. This complete circuit has a very 
poor loop gain at 10kc/s, something like 1/100" of its gain 
at 90kc/s, so that 10kc/s oscillation can be avoided. 
Similarly 90kc/s oscillation is prevented by the low imped- 
ance at that frequency of the 10kc/s tuned circuit. 

The harmonic generator is self biased to near cut-off. 
This means that signals of low amplitude will produce 
harmonics in approximately the same phase relation as 
large signals, and there is no sudden transition of operating 
mode while starting, or with changing amplitude of input. 


OSCILLATOR 

The oscillator uses a commercial vacuum-mounted crystal 
oscillating at its series resonance. The anode waveform 
of V, is of low amplitude and far from sinusoidal, so a 
buffer amplifier is used to feed the divider. 


OuTPuT STAGE 

The output is taken from a cathode-follower. for which 
the power supply and bias arrangements are adequate to 
produce a 35V sinusoidal output at the selected frequency. 
The output impedance is about 1 000 ohms. 


POWER SUPPLY 

A high tension supply of 150V was chosen as the highest 
voltage obtainable from a single glow discharge tube 
(V,,). This results in very low component dissipations. and 
working voltages, while stage gain is not much less than that 
obtained by working at 250V. In this circuit, the low value 
of output voltage is unimportant. 

The u.T. supply for each divider stage is taken to both 
anodes and screens from a common by-pass capacitor. 

Resistance-capacitance smoothing is adequate, and at the 
same time provides the voltage drop for the gas tube. The 
cathode-follower output stage is fed from an intermediate 
point at 200V in this chain, in order to prevent it over- 
loading. The total power consumption of 50 watts consists 
of a heater consumption of 20 watts, an H.T. consumption 
of 13 watts (including rectifier drop), a rectifier filament 
consumption of 10 watts and transformer losses of 7 watts. 
For battery operation the 5Y3 rectifier would be changed 
to selenium, resulting in a power economy of 10 watts in 
heater consumption, and with a suitable transformer, 
another 3 watts in reduced rectifier and transformer losses. 
The overall battery consumption would be 6 to 6°5A at 
6V 


Initial Adjustment 


When the instrument had been constructed, it was put 
into operation by tuning each circuit in turn to its nominal 
frequency using a resistance capacitance oscillator. A valve 
voltmeter was ioined between earth and the appropriate 
frequency changer grid, in which position the added capa- 
citance of the meter had little effect on the tuning. The 
oscillator circuit was then tuned for maximum voltage at 
V, anode. The 100kc/s buffer circuit L,C, was excited 
by the oscillator and the output at grid 1 of V, was adjusted 
for maximum value. The 90kc/s tuned circuit was driven 
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from V, grid and tuned for maximum output at grid 3 
of V3. : 

The adjustment of these circuits was not critical. When 
the inductances of L., L,, T,, L, and T, were measured 
on a 1 000c/s bridge, the calculated value of each tuning 
capacitance, including the capacitance of the appropriate 
grid feed potentiometer, was. found to be within | per cent 
of the experimentally determined best value. It is thus 
possible to construct the whole frequency standard with- 
out using an external oscillator, since T, can be tuned 
to the centre of the range of capacitance variation over 
which a 10kc/s output is obtained. The “tens” circuits 
give maximum output and stability when tuned exactly to 
resonance, and their capacitances are large enough to permit 
variations in valve and wiring capacitances to be ignored. 
Care must be taken to use high grade silver mica capa- 
citors in the tuned circuits, although a tropical quality 
neoprene sealed wax-paper capacitor is suitable for tuning 
L, to 100c/s. 

In approximately one year’s operation, the only occa- 
sions of failure were traced to mechanical drift of the 
90kc/s tuning capacitor, and deterioration of a non- 
tropical paper capacitor used to resonate L,. 

Correct operation and an output greater than 25V 
R.M.S. are maintained with mains supply variations from 
200 to 250V, and using valves at the high and low limits of 
transconductance. 
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Fig. 3. Tachometer calibration 


Applications 

To obtain single point calibrations of electronic tacho- 
meters at dial readings corresponding to 100 impulses per 
second, a non-linear circuit is used to feed 100 impulses 
per second from the frequency standard to the tachometer 
input terminals. 

For checking the scaling of electronic tachometers, the 
arrangement of Fig. 3 is used. A variable frequency oscil- 
lator drives the tachometer by means of an impulse 
generator. At the same time, the oscillator output voltage 
is fed to the Y-plates of an oscilloscope whose X-plates are 
fed from the frequency standard. A large number of 
multiples and fractions of 100c/s can be recognized by 
means of their Lissajous figures formed on the screen. For 
frequencies much lower than 100c/s, the alternative 
arrangement displaying the 100c/s standard on one beam 
of a double-beam oscillosocpe enables frequencies such as 
15c/s to be set up easily by means of the standard. 

When the -scaling of an electric tachometer is to be 
checked, it is driven *by a small variable-speed motor, and 
the tachometer generator output replaces the variable 
frequency oscillator in Fig. 3. The impulse generator and 
electronic tachometer are then omitted. The oscilloscope 
is usually used with a double-beam display in which small 
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changes of speed do not give such rapid changes of diagram 
as in Lissajous’ method. 

Mains frequency can be checked using an oscilloscope 
and a stop watch to measure the time for Lissajous figure 
to regain its original shape. This does not indicate whether 
the mains are above or below nominal frequency, which 
must be determined separately by the less accurate double- 
beam method. 
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NOISE-FREE INSTRUMENT CABLE 
By M. Lorant 


a instrument cable free of spurious electrical signals due 
to mechanical shock and vibration has recently been 
developed by the U.S. National Bureau of Standards. The 
noise-free cable is the result of a recent study of spurious 
cable signals which was carried out as part of a programme of 
basic instrumentation. In the course of the investigation, a 
detailed theoretical explanation was formulated for the genera- 
tion of the spurious signals. 

In connexion with the application of a _ piezo-electric 
accelerometer recently developed at the Bureau, it became neces- 
sary to reduce as much as possible the spurious signals due to 
motion of the cable. Experiments were therefore set up to 
compare the performance under dynamic stress of various 
experimental and commercial coaxial cables consisting of an 
inner conductor, an- insulating dielectric, and a conducting 
shield. The cables were connected between a small piezo- 
electric accelerometer and a cathode follower, and the output 
of the cathode follower was recorded through a p.c. amplifier 
on a direct-inking oscillograph. The standard test for cable 
noise consisted in grasping a short section of the cable and 
subjecting it to severe strains by twisting and bending, while 
making sure that no strains or motion were transmitted to the 
accelerometer itself. Another test consisted in alternately com- 
pressing and releasing a short section of the cable with a pair 
of pliers. 

It was found that standard microphone or phonograph pick- 
up cable gave noise signals under these conditions as high as 
500 millivolts peak-to-peak. However, the noise was definitely 
lowered (to about 60mV_ peak-to-peak) by tightening the 
shield over the dielectric, thus improving the contact between 
braided shield over the dielectric, thus improving the contact 
between the dielectric and the shield. 

A colloidal suspension of graphite in benzene was then 
applied, first to the outside of the dielectric only and then 
to the inside of the dielectric only. While no further reduc- 
tion in noise was obtained by coating the outside only, the 
cable signal due to mechanical flexing was markedly reduced 
by coating the inside of the dielectric, provided the shield 
remained tight over the dielectric. Under these conditions, the 
residual noise was reduced to less than 3mV_ peak-to-peak. 
By coating both inside and outside of the dielectric with the 
graphite suspension, the noise was almost completely 
eliminated. 

In another series of tests, an experimental cable was made 
up from an outer braided shield, the same rubber like dielectric 
as before, and an insulated central conductor. This cable was 
found to be quite noisy and was not materially improved by 
applying the graphite suspension to either the inside or outside 
of the dielectric. 

Analysis of these results, in combination with other reported 
data on cable noise, led to the formulation of a theory which 
describes completely the mechanism of noise generation in 
instrument cables. According to this theory, the noise signals 
are due to currents set up in the cable when static charges are 
separated at the surfaces of the dielectric. To free the cable of 
these unwanted signals, it is only necessary that the inside 
and outside surfaces of the dielectric be entirely covered by 
a well-tonded conductive coating. 

Whenever a metal makes intermittent contact with a solid 
dielectric, a separation of electrical charges takes place, just 
as when two different dielectrics are rubbed together. Friction 
is not necessary for this effect, but it increases the amount of 
separated charge, probably by insuring better mechanical con- 
tact before separation. Thus, as a small area of the cable 
shield separates from the dielectric, a surface charge is left on 
the dielectric, and an opposite “ bound” charge is left on the 
shield. As the air gap increases, the charge on the shield 


JULY 1953 293 


becomes increasingly “free”, and a portion of this charge is 
redistributed by flowing through the terminal impedance otf 
the cable, so that it ultimately appears on the central con- 
ductor, at a point opposite the separated charge on the 
dielectric. It is this flow of current through the terminal imped- 
ance of the cable which develops the noise voltage. It is 
apparent that the process can also take place when the inner 
conductor, or both conductors, are free to separate from the 
dielectric. 

This theory of cable noise production seems to be con- 
firmed by experimental results. For example, signals generated 
in the manner described are in theory limited by the maximum 
density of surface charge possible without breakdown of the 
gas (usually air) between the cable dielectric and the separated 
conductor. When the noise voltage generated by this maxi- 
mum theoretical surface charge is calculated from the electrical 
constants of the system, it is found to be not greatly in excess 
of some of the experimental data. Several other theoretical 
predictions have been verified by simple experiments. Thus, 
as predicted by the theory, the voltage generated by a sudden 
separation of one of the cable conductors from the dielectric 
rises suddenly to a peak followed by an exponential decay. 
Moreover, both the theory and experimental observations 
indicate that the amplitude of the record peak is pro- 
portional to the area of cable affected, inversely proportional 
to the total cable capacitance (including any parallel capa- 
citances), and is reduced for a given surface charge if the 
allowed relative motion between the movable conductor and 
the dielectric is reduced. It is also found, both theoretically 
and in practice, that the initial amplitude of the peak is 
independent of the terminal resistance of the cable, provided 
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this resistance is high enough to produce noise pulses of 
duration sufficient with respect to both the time required 
for separation and the high-frequency response of the 
electrical system. 

Experiments at the Bureau have shown that the resistance 
of the conductive coating need not be especially low. In fact, 
it has been found that a conductive coating having a resist- 
ance of the order of 1 to 50 megohms per linear inch of 
cable reduces the unwanted cable signals by a factor of 500 
or more. ; 

Various types of conductive paints, suspensions of graphite, 
and conductive rubbers that may be used for the conductive 
coating are available commercially, and several patents have 
been issued on methods for bonding such coatings to a cable 
insulator. One method for making “ noise-free” cable which 
appears to have commercial possibilities consists in extrud- 
ing concentric layers of conductive rubber, non-conductive 
dielectric, and more conductive rubber over a metallic con- 
ductor, preferably stranded for flexibility. All conductors of 
a multi-conductor cable could be treated in this manner. 
Neither the inside conductor nor the outside shield need fit 
tightly; in a flexible cable they should preferably be some- 
oe loose. If desired, a protective insulating outside jacket 
may be added; this jacket would not require a conductive 
coating. There appear to be no limitations on how small such 
a noise-free cable can be made. 
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The Equivalent Q of RC Networks 


By D. A. H. Brown*, M.A., A.Inst.P. 


The effective Q of an RC network used as a frequency determining element in a phase shift 
oscillator is defined as 4 \(do/da).-=1| where @ is the phase difference between input and output, 
w is the angular frequency, wo the operating angular frequency of the network, and a = w/wo. 
This definition is obtained by analogy with a parallel tuned LC circuit. An equivalent Q is then 
obtained for all the RC networks commonly employed as frequency determining elements. The Q so 

obtained is usually about unity, but in the case of the capacitance bridged-T may rise to 10. 


. is widely known that the Q factor of the LC circuit 
used in an R.F. oscillator determines its frequency stability 
but much less attention has been paid to the equivalent 
Q of the RC network used as the frequency determining 
element in an RC oscillator. This is probably because the 
Q in the latter is much lower (about two orders of 
magnitude) and therefore other factors, such as tempera- 
ture and supply voltage variation, have relatively much 
greater influence. Nevertheless it seems profitable to deter- 
mine the Q factor of each network so that, other things 
being equal, the one of highest Q, giving the greatest 
stability, may be chosen. 


The Equivalent Q 


If a parallel tuned circuit of the type shown in Fig. 1 is 
fed from a constant current source the phase-angle 


Ae = 
Trt 


Fig. 1. Parallel tuned 
circuit 











Fig. 2. Isolated high-pass CR networks 


between the input current and output voltage developed 
across the circuit is: 


_eL( = WLC) CR? 


= tan" emaeamer tees (1) 
Writing now Q =w.L/R, w.” = 1/LC, and a = w/w, then: 
¢ ater WO = 6 ~ 6/01... 6.5. (2) 


The operating frequency is normally at or very close to 
a = I, so that @ is small provided Q is high, and we may 
approximate by replacing the tan~' of the angle by the 
angle itself. Then: 


@ =Q (I — a’) — a/Q 
and do/da ~ —2eaQ — 1/Q 
At the operating frequency a = 1 and, always provided 
Q is large (> 10 say). 
ES ee | (3) 


Neglecting the negative sign, which is here not so important 
as the numerical value, 

QO = Bide/delent| ..........;. (4) 
We see, therefore, that the Q factor s equal to one-half 
the rate of change of phase with f:actional change of 
frequency at the operating point. Physically this is 
enlightening, for it is easy to see that the more rapid the 
change of phase about the operating frequency the more 
closely will the frequency be controlled, whereas the mere 








*T. R. E., Ministry of Supply. 
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statement that the Q should be high is not directly related 
to the operating conditions. 

Equation (4) can now be applied to the networks com- 
monly used in RC oscillators. This has previously been 
done by Whale’ for the Wien bridge network, but no 
systematic derivation and collation of results seems to 
have been attempted for the other networks commonly 
used. 


Isolated CR Networks 


One form of phase shift oscillator uses CR networks 
isolated by amplifying valve stages as shown in Fig. 2. 
Consider the case of three stages. Then each of the three 
CR coupling networks is operating at 60° phase shift and 
we have to determine the rate of change of phase with 
frequency at the operating frequency producing 60° phase 
shift per section. 

The phase lead produced by a single CR coupling is 


@ = tan’ aR REKES ese Geese ROU (5) 


At the operating frequency a = 1 and w = we, and then, 
since the phase shift is 60° per section, 


Wo CR = V3 
ae v1) = tan! = 
wV\ 3 
oa el ee 
= tan eer 
< do = mitt. i ee i 7 
** da , es 1/a? a2 
. {do = V3 
ie =o ee Pe Fas AS ots ew in (6) 


Since there must be three networks to give 180° phase 
shift the overall rate of change of phase with fractional 
frequency deviation is three times this amount and the 
final Q is: 

| ae 
Q=4 x 3\(do/do),-1 = >. 0-65 

In an exactly similar way the effective Q of four such 
networks operating at 45° phase shift or of five networks 
giving 36° phase shift each may be calculated. In practice 
with an even number of networks each separated by a 
phase inverting amplifier stage, a further unity gain phase 
inverting stage will have to be added to produce positive 
feedback between output and input after the coupling 
networks have produced 180° phase shift. 

It can easily be shown that the effective Q is the same 
whether the low-pass type of RC network (Fig. 3) or the 
high-pass CR type (Fig. 2) is used. 

The results of these calculations for 3, 4, 5 and 6 section 
couplings as well as the asymptotic value for an infinite 
number are summarized in Table 1. For completeness the 
loss through all the networks is also given for the various 
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Fig. 3. Isolated low-pass RC networks 





cases; the reciprocal of this figure is the minimum gain 
required to produce oscillations. 


TABLE 1 
Equivalent Q Factor of RC or CR Phase Shifting Networks 











NUMBER OF PHASE SHIFT | Q | LOSS 
NETWORKS=n | PER NETWORK | 
3 | p | O65 | 1/8 
4 | 45° | - 1/4 
5 | 36° i tae 0-345 
6 | 30° 1-30 27/64 
pt | val 1/2 i 








RC or CR Ladder Network 


In practical phase shift oscillators it is not always con- 
venient to use isolated networks requiring buffer amplifier 
stages between them; it is considerably easier to use a 
single amplifying valve and a ladder network of the types 
shown in Figs. 4 and 5. The Q of these networks may be 
found starting from the complex attenuation ratio E./Ei, 
where E, is the output voltage and E; the corresponding 
input voltage at angular frequency w; several authors”’*** 
have indicated how this may be derived. 


For a three stage RC network: 
1 

_ Gs ae 

where X = wCR. 


For 180° phase change through the network the imaginary 





bukGeesne (7) 


- part must be zero which gives the operating frequency wo 


as: 
Pivsg. Cael vag — te Ca 1 Sa a ar re (8) 


ig a WOE is isicns 3 craigsa. (9) 


The phase-angle between E, and Ej at any angular frequency 
w is given by: 


| X(6 — X°)! 
® = tan-"| — 


or 





1 — 5X? | 
In terms of a this becomes: 
a 6V6a(1 — a?) 
= tan-| i | Ae are ae RO ae (10) 


Since @ is near 180° and tan @ is small this becomes 
approximately : 
6V6 a(1 — a*) 


~ 


=m 


1 — 300? 
6V6(1 — 3a”) 
We ae 
and 
Mi Adsa e HONG BID cccesivca ces (11) 
= —1-014 
5 MS a ae es vain’ (12) 


Similar calculations may be made for four, five or six 
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Fig. 4. Three stage RC ladder 
network 





Fig. 5. Three stage CR ladder 
network 
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stage networks and the corresponding equations are given 
below. 


For a four stage network: 





1 
gf Ey 3 
Bll= (ise + x) + jxgo— my * O) 
es ee al 2 eee cigs aae (14) 
F 10 V(10/7ya(1 — a2) 
6 = tan") ——F59774 + 100/49. 0 9) 
_10 V(10/7) (1 — 30%) _ 
et) ite eee (16) 
(do/ da) g=1 = —1°30 
a Saad (17) 
For a five stage network: 
1 
of Ey = lB 
Eo/ Ei = 35x74 9x) +jX(15—28X? +x" 0%) 
it Bs we AMM ii 55 ea Poevess (1y) 
Xoa(15 — 28X,%a" + Xotat , 
o= tan] — 45K? 4 OKs! (20) 


(do/do)q=1 = 1-41 
OA OS ee pane ok Aon ten deere eres (21) 
For six stages: 














1 
Bol E\ = 70K" 4 45x" X)4 jX@1 — 84K? 4 11K) 
ia eet een WEE (22) 
AST Os | ee. Poe en | 11? |... oa ee ee (23) 
X.a(21 — 84X70? + 11 | - 
_— -1; — sigs Adidas cibeeeaascaceniemmigice 
ssi a 1—70 46707 +45 Xa Aea ¥ ( ) 
(do/da)qg=1 = —1:46 
OTE (57.5 00, Daag ee Atti etar ive o MiceNt racine Paar LLS F (25) 
The results of this section are summarized in Table 2. 
TABLE 2 
Equivalent Q Factor and Loss of RC or CR Ladder Networks 
NUMBER OF | 
NETWORKS | Q LOSS 
3 | 0-507. | 1/29 
4 0-650 1/18-39 
5 0-705 1/15-4 
6 0-730 1/141 











These results hold equally for the high-pass CR (Fig. 5) 
or low-pass RC type (Fig. 4) of ladder network. 


The Tapered Phase Shift Oscillator 


It will be seen from the results obtained that the ladder 
type of network is inferior to the isolated type of networks 
in having, for the same number of stages, both a lower 
Q and greater loss. Sulzer* has shown that the loss of a 
ladder network may be considerably reduced by gradually 
increasing the impedance of each section of the ladder type 
network. The resulting network, in the case of three 
sections only is shown in Fig. 6. It is of interest to find 
the variation of Q with the parameter a. Proceeding as 
before it can be shown that the complex attenuation ratio 
is: 





1 
Eo/Ei = 1 _ (3.4.2/a)X?4jX{ (3+2/a+1/a*)—X?} 
A, Gana ig wee (26) 
where ; 
Sic wcic cua (27) 
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Fig. 7. Wien bridge 














Fig. 6. Three stage tapered CR ladder 


network 
and 
woCR = Xo = V(3 + 2/a + 1/a’) ...... (28) 
X.' fl — a? 
@ = tan“'| — ee BX.?0? TREC EEE EL ORE (29) 
where B = 3 + 2/a 
ey 
a Tee ee (30) 


Table 3 gives Q as a function of a. The rise in Q 
towards the asymptotic value of a = ~ is not rapid enough 
to be of practical importance. 











TABLE 3 
“es ee aes 26 wer mn 
Q@ | 0-507 | 0548 0-571 | 0-586 | 0-650 
toss | 1/29 | 1/16 | 1/1285 | 1/1147 | 1/8 








The Wien Bridge Network 


This has been considered by Whale’ for the case of the 
network shown in Fig. 7. His. results may be summarized 
as follows; the complex attenuation ratio is: 


ya* +ja(1—a*) 


E./E, = SD ig Fue Pr sels otek 
(1a?) tay? v (31) 
where 
wW+y+u’y 
y= pce eg ee ee (32) 
uv 
re I a a as late cea ce ota (33) 
and 
oo | | © | CE ae (34) 


The Q tends to a maximum value of 0-5 when uw and v both 
tend to zero; however, the price to be paid is an attenua- 
tion increasing to infinity at vu = v = 0. Therefore the net- 
work is usually used in the symmetrical form of u = v 
= 1, and then 


Q =1/3 


and attenuation = 1/3. 


Null Transmission Networks 


The bridged-T (Fig. 8) and the twin-7 (Fig. 9) network 
have the property that at one particular frequency they 
have infinite rejection between input and output. An 
account of the properties of these networks. has been given 
by Fleisher’ with particular reference to their use in selec- 
tive amplifiers, while Gamertsfelder and Holdam* 
emphasize their use in oscillators. For the latter applica- 
tion they are used in the negative feedback path of an 
amplifier to reduce the gain below that necessary for 
oscillation, except at the frequency of zero transmission, 
when there will be no negative feedback. 


Fig. 8. Bridged-T network Fig. 9. Twin-7 network 
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The Bridge-T 
The complex attenuation ratio for this network is: 


oj = rs 


a 





ee - — 

J —1 Q,. 
where Q, is the Q of the inductance used at the operating 
frequency w.; for no transmission w,. must satisfy the two 


conditions: 
Q. = 4woRC in = 1 


The phase-angle @ introduced is: 


2 a 
ee eal 
whence 
eS: ae (36) 


The Q factor of the network is one-half that of the induct- 
ance used alone. This result has been derived by Fleisher’ 
by considering the frequencies at which the network 
response falls to 1/ V2 of its maximum value (unity). This 
latter definition, however, gives a different result from that 
obtained by applying the rate of change of phase criterion 
when applied to a tuned feedback amplifier; this point will 
be considered after discussing the twin-T7 circuits. 


The Twin-T 
The complex attenuation ratio for this network is: 
1 
(C= —— ee ee 37 
nian ie a. 2(n + 1) hls 
7 A l Vn 


By comparison with Equation (35) for the bridged-T it 
can be seen that the twin-T is equivalent to a bridged-T 
with a coil of: 

Vn 


Oe ee tonne (38) 


n+ 1 


and hence the equivalent Q of a twin-T network is: 
1 Vn 
Qn = 2 n+1 


This has a maximum value of 1/4, where n = 1, i.e. for a 
symmetrical twin-T network. However, as pointed out by 
Fleisher’, Qrr is only a very slowly varying function of n 
and other considerations may make a value of n other than 
unity desirable. 

It is interesting to note that though the phase of the out- 
put voltage from a twin-T or bridged-T network jumps 
discontinuously from 90° lagging just below the null 
frequency to 90° leading just above the null frequency, 
the rate of change of phase with frequency is continuous 
at the null frequency. 


Tuned Feedback Amplifier Using the Bridged-T and 
Twin-T Networks 

The effect of using a bridged-7 or twin-T network in 
the negative feedback path of an amplifier is to multiply 
the rate of change of phase by the gain of the amplifier A, 
and the effective Q should therefore be: 


Qui; = A.(Q of network). 
Hence the effective Q of a bridged-7T tuned amplifier should 


be: 

CYS TO! PY [ant pe one y neers.” (G9) 
and of a twin-T: 

CO oh RS. AER. (40) 


Results very similar to these have been derived by Fleisher 
and by Punnett*®. However, Fleisher derives the Q by con- 
sidering the bandwidth between half power points and 
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obtains for a twin-7 network: 





/ ig peg Jay 
(ie ee Al) 
4 
which, if A >1 approximates to: 
A+! 
Qrr = aa ree ere a eh ee ee ee ee (42) 


This is the result also derived by Punnett. For the bridged- 
T Fleisher gives, by analogy with the twin-T: 
A +1 


Qsr = ay a CoN RE UTE ah ae (43) 


The slight difference between Equations (43) and (39), and 
between (42) and (40) arises from the different definitions 
of Q adopted. Though the difference is of little practical 
account the results (39) and (40) seem to be preferable for 
two reasons; firstly, they can be derived by strict 
application of the criterion here adopted, namely 
Q = 4(dd/da)q=1, in the following way. The gain of the 
feedback amplifier (Fig. 10) is: 

mere... ee 

~ 14+A£B 

Now for a bridged-T network we have: 


G 





and if it is fed back negatively then: 


a ae 
L-hor = 

‘ a ~ 

Fs hack ae 
If this expression is simplified and the phase-angle 
extracted it is possible to work out the rate of change of 
phase with frequency. This gives the result of Equation 

(39). 

The second reason for preferring Equations (39) and (40) 
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Fig. 10. Feedback amplifier Fig. 11. Capacitance bridged-T 
network 


is that they apply equally to low values of A and tend to 
zero when A tends to zero. Fleisher’s expression (41) 
becomes imaginary when A < V2 — 1. 


Minimum Transmission Networks 


The transmission functions of the bridged-T and twin-T 
networks. show a theoretical zero transmission ata particular 
frequency. There are a number of other networks which 
have a similar transmission characteristic except that the 
transmission only goes to a minimum, not zero, at the 
working frequency. 


THE CAPACITANCE BRIDGED-T 

The simplest of these is the bridged-T network of 
Fig. 1. (No other name seems to have been applied to this 
network to distinguish it from the bridged-7T discussed 
previously). The complex attenuation ratio for this net- 
work is: 


; a(l = a’) + j2a 
E, | E, = 4 ° pe 
a(1 — a’) + ja(2 + @) 





RADON eeheiee (44) 
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it — ee, 


= tan7? — - - Ser, 45 
? es avi — a*) + 2a°(2'+ a*) ( ) 
and 
) ME 5 
(do/da) g=1 = or 
If a is large this approximates to: 
(do/da)g=1 = a 
and 
Ne De een ea Loan cle tea ena cauuainn (46) 


If now the network is used in the feedback path of an 
amplifier gain A, the effective Q as a tuned amplifier 
becomes: 


a’ 


= (2 + a@)[a?/A + 2/A + 2] 
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Fig. 12. Capacitance bridged-T phase characteristic with a = 10 
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Fig. 13. Comparison of transmission of twin-T and capacitance bridged-T 
(with a = 10) 


and as A tends to infinity, this becomes: 
i as = 77 ERE EL OEE ee (48) 


Thus the Q of the network above used as a rejection net- 
work is the same as the Q obtained for the tuned amplifier 
when the gain A is very high. This statement, however, 
must be qualified. The phase characteristic of the network 
is given in Fig. 12 and it can be seen that though the rate 
of change of phase with frequency near the minimum 
transmission frequency is very steep, yet the phase has a 
maximum and a minimum returning to zero phase shift at 
both high and low extremes of frequency; this phase 
characteristic is reflected in a poor amplitude rejection 
characteristic which is worse than that of a twin-7. Fig. 
13 shows a comparison of the amplitude rejection of the 
twin-T and capacitance bridged-T with a = 10. 

The rapid phase change near the resonant frequency 
should make the network very useful in oscillator circuits 
where this property leads to good frequency stability, but 
the poor amplitude response makes the circuit of little value 
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as a sharp rejection filter, or to provide a narrow band 
sharply tuned amplifier. 


OTHER MINIMUM TRANSMISSION NETWORKS 

Some variants on this type of minimum transmission net- 
work have been considered by Sulzer’®, but the essential 
phase and amplitude relations are not greatly altered and 
they will not be considered here. 


Conclusion 


It has been shown that in general the equivalent Q of 
RC frequency determining networks is near unity; this is 
about two orders of magnitude less than that of a good LC 
circuit as used in R.F. oscillators. Other things being equal, 
it would therefore appear that an RC oscillator is inherently 
less stable than an LC oscillator by a factor of one hundred. 

The reason for the low Q of RC circuits has not been 
discussed. It would appear to be due to the dissipative 
elements in the network. On the other hand, the simple 
capacitance bridged-T discussed may have a Q of 10 with 
a = 20, which is quite practicable. This is much higher 
than that of any of the other networks and should make 


the network particularly useful as the frequency determin- 
ing element of an oscillator. 


Acknowledgments 

Acknowledgment is made to the Chief Scientist, Ministry 
of Supply, for permission to publish this paper. Crown 
copyright reserved. Reproduced by permission of the 
Controller, H.M. Stationery Office. 


REFERENCES 

1. WHaLeE, H. A. Optimum Conditions for an RC Oscillator. Electronics 

p. 178 (Feb. 1948). 
Butter, F. Variable Frequency RC Oscillators. Electronic Engng. 21, 
304 (1949). 
Roorpa, J. RC Oscillators. Electronic Engng. 21, 270 (1949). 
Starr, A. T. Electric Circuits and Wave Filters, p. 73 (Pitman, London, 
1934). 
oe Si W. R. The Design of RC Oscillator Phase Shifting Networks. 
Electronic Engng. 22, 13 (1950). 
Sutzer, P. G. The Tapered Phase Shift Oscillator. Proc. Inst. Radio Engrs. 
36, 1302 (1948). 
FLEISHER, H. Vacuum Tube Amplifiers. M.I.T. Radiation Lab. Series 18, 
Ch.10 (McGraw-Hill, 1948). 
GAMERTSFELDER, G. R., HoLpDAM, J. V. Waveforms. M.1.T. Radiation Lab. 
Series 19, Ch.4 (McGraw-Hill, 1949). 
PunneT, S. W. Audio Frequency Selective Amplifiers. J. Brit. Instn. Radio 
Engrs. 10, 39 (1950). 


oe ae el A. Oe fe 


S 


819 (1951). 





The Prevention of Interference by a Single 
Unwanted Frequency in Television Reception* 


CCASIONALLY a television receiver suffers interference 

from an unwanted signal. This signal may be removed, 
without appreciable effect on the desired signal, by the follow- 
ing method :— 

Two coaxial cable stubs are connected together and their 
junction is connected to a point in the feeder from the aerial 
to the receiver. Fig. 1 shows one of a number of possible 
arrangements for use when the interfering frequency is greater 
than that of the wanted signal. In the figure, the right-hand 
portion of the stub is of guch a length that it provides approxi- 
mately zero impedance to the interfering signal, and thus pre- 
vents its passage to the receiver. This right-hand stub, how- 
ever, also has an effect upon the wanted signal, since it will 
appear as a reactance at that frequency and will introduce 
attenuation if its effect is not compensated. The compensation 


bs 


a a 

















To To mt | 
Receiver A/4 unwanted Receive” /4 unwanted 
oe —— 
vX14 wanted ees aaj2wanted a 
Fig. 1. Ome stub open-circuited Fig. 2. Both stubs open-circuited 


and one short-circuited m = any integer 


x = an odd integer 


is carried out by the left hand portion of the stub whose reaction 
at the wanted frequency is equal in value and opposite in sign 
to that of the right-hand stub. 

_If one of the stubs is short-circuited and the other is open- 
circuited, the total length of the two stubs should be 4/4 at the 
required signal frequency, the length of the open-circuited 
portion being \/4 at the interfering signal frequency. 








* Communication from E.M.1. Ei ing Development Ltd. 
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There is an infinite variety of alternative arrangements, since 
either stub can be lengthened in multiples of 4/4 and used open- 
or short-circuited, as necessary. Each increase in A/4 in any 
one stub changes the open-circuit or short-circuit requirements 
at the end of the stub. The combined length of the stubs is 
always n A/2 of the wanted frequency if both ends are either 
open or short-circuited, and an odd multiple x of 4/4 if one 
end is open and the other short-circuited. 

In practice it is more convenient to have the ends open- 
circuited, since it is then more easy to trim them to length. 

If the shorter of the two stubs (rejector stub) is made some- 
what shorter than 4/4, its electrical length may be increased 
by the aid of a variable capacitor attached to the end which 
is remote from the aerial feeder, and fine tuning for the removal 
of the unwanted signal can be obtained. In this case, however, 
the reactance of the rejector stub at the wanted frequency will 
be reduced and the length of the stub, which is shown short- 
circuited in Fig. 1, must be lengthened to compensate for the 
change. 

Fig. 2 shows the general case when the interfering frequency 
is either higher or lower than that of the wanted frequency. 





Fine Tuning Arrangements* 


A METHOD of tuning in short wave reception is to employ 
a capacitor for coarse tuning throughout a range and in 
addition to include a fine tuning inductor in series with the 
main tuning inductor so as to give a band spreading action 
throughout given bands. 

Such an arrangement gives a fine tuning range which is pro- 
portional to the mean frequency of the fine tuning band. On 
the other hand all such bands have approximately the same 
absolute width of 200-300kc/s so that ideally a fine tuning 
arrangement should be one in which the fine tuning range 
provided by the adjustment is independent of the adjustment 
of the principle tuning element. 

A solution to this problem is provided by connecting a 
capacitor of suitable value across the principle tuning inductor. 
The magnitude of capacitance required is of the order of that 
provided by trimmer capacitors and consequently it is possible 
to use the existing trimmer for the purpose, this no longer 
being connected across the main tuning capacitor but being 
arranged in shunt with the main tuning inductor. 

When the principle tuning action is achieved by the method 
of adjusting the principle tuning inductor then an alternative 
circuit may be used in which there is connected in parallel to 
the fixed tuning capacitor the series connexion of a fine tuning 
capacitor and an inductor of such dimensions that the series 
connected circuit acts as a capacitance in the main tuning range. 

The arrangements described may be used when other circuit 
elements are present in the tuning circuit, for instance, when 
a “ padding” capacitor is used for the purpose of ganging in 
a superheterodyne receiver. 


* Communication from The Telegraph Co. via E.M.I. Ltd. 
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A Simple Low Frequency Amplifier 


By J. R. Beattie*, B.Sc., and G. K. T. Conn*, M.A., Ph.D. 


A simple amplifier of low-frequency signals is described in which a twin resistance-capacitance 
network is used. There are separate and independent controls of frequency and of the Q-factor or 
pass-band. With the particular parameters specified, the instrument may be tuned over the range 
Ic/s to 3c/s and the Q-factor varied up to 20. Alternative specifications may be met by suitable 
adjustment of the components. The amplifier is stable and has a characteristic which is linear 

to within I per cent. 


1 oe are several fields of investigation requiring the 
amplification of signals of very low frequency. For 
instance, the time of response of radiation thermocouples 
is such that the rate of interruption of the light is limited 
to frequencies of 15c/s or less, in encephalography signi- 
ficant records are obtained at frequencies as low as 0-Ic/s. 
A number of electronic amplifiers suitable for low 
frequencies have been described’. The present report 
describes a simple arrangement which is, in essence, a 
phase-shift oscillator used in a condition of ‘“ damped 
resonance”. The Q-factor and the resonant frequency may 
be altered independently simply by varying the value of 
resistors. A gain of the order of 10° is obtained by using 
two stages. This is adequate for our purpose since the 
instrument is used in conjunction with a tuned galvano- 
meter-amplifier. Additional stages may be added if required. 


Theory 


To be specific, consider an arangement which can be 
tuned over the range Ic/s to 3c/s and of which the effec- 
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R 
c= tSMQ 
(9) (b) 


Fig. 1(a) Twin RC coupling network. The values of R and C quoted give 
a frequency of 1-06c/s. (b) The simple circuit 


tive Q-factor may be varied up to 20. Limitation of the 
pass-band of an amplifier is not uncommon, but the 
difficulty of using a parallel-T network? lies in the tuning. 
The attractive feature of a damped, phase-shift oscillator* 
is that it offers a means of controlling the frequency and 
the Q-factor independently. Selective amplification is 
obtained by using a resistance-capacitance network and 
stability by negative feedback. 

The selective resistance-capacitance network, referred 
to as the “twin RC network”, is illustrated in Fig. 1(a) 
It consists of two identical capacitors C, and two 
identical, variable ganged resistors, R. Simple analysis of 
this circuit shows that the complex attenuation given by 
the ratio of the output voltage to the input voltage is: 


E./E; = t/{3 +j(x + 1/x) }where x = wCR .. (1) 


w/2z is the frequency of the input signal. At a frequency 
f given by 1/(27RC), the attenuation is real, positive and 
equal to 1/3. If such a network be used in a valve ampli- 





* Physics Department, The University, Sheffield. 
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fier with regenerative feedback of the output, the 
amplification will show a resonance peak at the frequency f. 

A block diagram of the circuit is shown in Fig. 1(b). 
The amplifier A, whose gain is also referred to as A, is 
followed by the twin RC network of attenuation 1/a, a 
being in general complex. It is assumed for the moment 
that there is no discrimination of frequency or phase in 
the amplifier itself. Positive feedback of a fraction of the 
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Fig. 2. Normalized response of the simple circuit plotted against x which 
is proportional to frequency for various values of 


output is obtained by a resistor; in practice this is a cathode 
bias resistor common to both valves. The gain, G, of the 
system is then: 
See A 
eae Oo AlaB 
1/8 is the feedback ratio. 


_Substituting the value of a from Equation (1) above 
gives: 


a — A/B 





A 
G=G_AD+i@olaocc (2) 
and 
IG A iis 





~ V/{QB — A/By + @& — 1/xey 
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The normalized response is plotted against x in Fig. 2. 
For a given value of the product CR, x is proportional to 
the frequency. 


The sharpness of the resonance may be specified by a 
Q-factor, where: 


Q = xo/ dx 
Xo is the resonant value (wo0CR = x. = 1) and 6x is that 
departure from resonance which reduces the gain to 1/ V2 
of that at resonance. 


At resonance: 
\G\u = A/(3 — A/B) 
When 
x —1/x=3 -—A/B, then |G| = |G\u/ V2 

If we substitute x = x, — dx. where dx is the departure 
from resonance, it is easy to show that: 

QO = 1/i =2/G — A/p) .......... (N 
Equations (3) and (4) may be combined to obtain the 
response at resonance in the form: 

ed SD. binds nes (5) 
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Fig. 3. Output plotted against frequency 
(1) with no feedback, (2) with positive feedback (see Fig. 1(b)), (3) with 
positive feedback and such negative feedback (see Fig. 4) that the output 
at x=1 is the same as with no feedback at all. 

















The gain of the amplifier depends directly on the Q-factor 
as one would expect. 


Stability 

Stability is related to linearity of response. If high Q- 
factors are used instability follows; for instance free oscil- 
lation takes place if A/8 > 3. In the range 2 < A/B < 3, 
the gain varies from A at one extreme to infinity at the 
other. 

The gain of the amplifier with the attenuator alone and 
no positive feedback is A/a or A/3 at resonance, as shown 
in Fig. 3. The sharp resonance obtained when regenerative 
feedback is used gives a gain at resonance of AQ/2 or 
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A/(3 — A/f). The associated instability may be limited 
by degenerative or negative feedback. If this be applied 
by a purely resistive network there will be no discrimina- 
tion of frequency in such feedback, so that the tuning is 
unaffected. Thus the ordinates of all points on curve 2 in 
Fig. 3 are scaled down by 1/(1 + A/C), where 1/C is the 
new feedback ratio. If the negative feedback is sufficient 
to ensure that |G|m reverts to the original value of A/3, 
the resultant stability and linearity are those of the valves 
themselves. In practice it is not necessary to apply such 
a high proportion of negative feedback, though this is the 
case illustrated by curve (3) in Fig. 3. 

These considerations may be set out in a more exact 
analytical form. The possibility to be avoided is that a 
small change in the amplification A leads to an inordinate 
change in |G|. An arbitrary factor of instability, Fr, may 


be defined as: 
5/G\u /( -) 
F = —— Pa cto 
‘ IG\u A 


or the fractional change in gain per unit fractional change 
in A. It follows readily that: 

i; = 3/6 — Als) = 30/2 628 cee (6) 
Alternatively : 

oiler AISNE a) ono ba Sis cee oss (7) 


Let the negative feedback, introduced as in Fig. 4 by a 
resistive link, be of attenuation 1/C so that the effective 
amplification is now: 


If the feedback be large so that A/C >1, we have the 
case commonly considered in which An=C and is 





‘ip 





Fig. 4. Final circuit with both positive and negative feedback 


independent of the conditions of operation of the valves. 
These conditions may, however, be unnecessarily rigorous 


If we define a stability factor, S.F., as: 


8An |[ 8A 
ele = I y, 


using Equation (8) it follows that: 
Fs = 1/(1 + A/C) = An/A. 


After applying negative feedback the gain at resonance 
becomes from Equation (8). 


|Glu = An(F1) = A/3(Fi) x (Fs) ......-- (9) 


The form of Equation (9) indicates the complementary 
nature of the two expressions which is implied by calling 
one the “instability factor” and the other the “stability 
factor”. If the product is unity, Equation (9) shows that 
the gain at resonance is precisely what it would have been 
if no feedback of any kind were used. The negative feed- 
back required to fulfil the condition may be expressed in 
several equivalent ways by making use of Equation (6). 
Thus: 

_3Q | An 3Q 3 
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) A > G—A/B) =(1+A/C) 
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As already noted, it has not been found necessary in 
practice to employ such a high degree of stabilization as 
that envisaged. 


Experimental Details 


The complete circuit is shown in Fig. 5 which 
emphasizes the simplicity of the arrangement. The amplifier 
consists of two valves coupled by the twin RC network 
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Fig. 5. Final circuit 


referred to above. After full-wave rectification by a diode 
circuit, the output is measured on a microammeter. 

The twin RC network has a number of attractive 
experimental features. As already noted, attenuation at 
resonance is by a factor 1/3, whereas the triple R.C. net- 
work commonly used in a phase-shifting oscillator* 
attenuates by a factor of 1/29. At resonance there is no 
phase change in the twin RC network and the attenuation 
is moreover independent of the frequency. chosen. The 
resonant frequency is independent of the Q-factor and 
these may be controlled independently. Finally the latter 
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Fig. 6(a). Experimental response curves for various values of Q (tuned 
to 2°14ce/s) 


half of the network consists of a blocking capacitor and 
resistor, so that the attenuator may be connected directly 
to the grid of the second valve. 

Positive feedback is furnished by the common cathode 
resistors. The range of values of the Q-factors to be used 
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in practice is determined by pre-setting the 1 500 resistor. 
Addition of a rheostat of 2500 ensures that the Q-factor 
may be varied up to 20. 

Negative feedback is applied to the first valve by the 
bias resistor of 2 400Q which is not shunted by a capacitor 
for this reason. It should be noted that negative feedback 
is also applied to the second valve in the same way. The 
value of the cathode resistor, 24000, is determined by 
the bias required by the grid of each valve. It was found 
in practice that these resistors provided an entirely satis- 
factory stability with a gain of rather more than 4/3. The 
strict conditions envisaged in the theoretical examination 
above were not therefore adopted and no additional 
negative feedback was required. No decoupling capacitors 
are used to minimize troubles associated with phase 
changes. 

In the form illustrated in Fig. 5 the amplifier has a 
practical gain of the order of 10°. Obviously this may be 
extended if necessary by additional stages. Experimental 
curves of the output against frequency are shown in 


OUTPUT 
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Fig. 6(b). Illustration of linearity—output against input for a frequency 
of 2°14c/s (Q = 9) 


Fig. 6(a) for various values of the Q-factor. With the com- 
ponents shown in Fig. 5 the instrument may be tuned from 
lc/s to 3c/s and the Q-factor varied from 5 to 20. The 
curves shown in Fig. 6(a) were obtained by tuning to a 
frequency of 2-Ic/s. The applied signal, which was 
sinusoidal in waveform, was given by a simple phase-shift 
oscillator. Linearity of the response, which is clearly better 
than 1 per cent over the operational range, is illustrated 
in Fig. 6(b). The slight curvature near the origin is due to 
the characteristics of the diode and may be eliminated if 
necessary either by a discriminator or by backing-off. 
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An Analogue Reciprocal Function Unit 


for Use with 


Pulsed Signals 


P. A. V. Thomas*, B.Sc. 


A summary of existing methods of obtaining a reciprocal function is given before entering on a 
description of the developed unit. 


The unit itself consists fundamentally of a monostable multivibrator, for which it is shown in 
an appendix, that under suitable conditions the width of the pulse generated is approximately 
inversely proportional to the reference voltage. 

The pulse width variation is then converted to an amplitude variation using a constant velocity 
time-base so that the output voltage of the unit is approximately inversely proportional to the 
input voltage; a graph is included showing the results obtained in practice. 


HERE are a number of occasions on which it is 

necessary to produce an output voltage which is 
inversely proportional to a continuously variable amplitude 
input voltage when the input consists of a series of pulses 
as obtained in multi-channel equipment. If the pulses are 
relatively short, i.e. of a few microseconds duration, the 
function unit must have a high speed of operation and 
instantaneous response. 


EXISTING METHODS 

Several methods of obtaining a reciprocal function exist, 
both explicit and implicit, and a brief review is given below 
before describing the method developed to overcome the 
disadvantages mentioned. 

1. Electro-mechanicai, in which a_ potentiometer is 
mechanically or hand driven and a servo-mechanism feed- 
back path is used to maintain a balance’’; this method 
obviously suffers from its long time-constant, but can be 
extremely accurate. 

2. Logarithmic, in which use is made of contact type 
metal rectifiers or diode vacuum valves working at very low 
currents in the region where the law V = r logei exists so 
that the operation can be carried out by subtraction of 
logarithms*; though the time response of this arrangement is 
satisfactory, it suffers from poor stability unless precautions 
are taken. Metal rectifiers are extremely sensitive to tem- 
perature variations, which cause not only a change in level 
of the output, but also the law‘, and in the case of the diode 
the output is similarly affected by variations of heater 
temperature due to changes of the heater voltage*®, though 
this could be reduced by stabilizing the heater supply; age- 
ing also causes a drift in the output®. 

3. Valve characteristics have been used for multiplica- 
tion and division by varying two electrode potentials over 
a selected region where the anode current is proportional 
to the potentials®; again the stability is dependent on the 
power supplies though not to the same extent as the 
previous method. 

4. Pulsed Attenuator’. This method overcomes the 
difficulties of the last two by allowing the valve charac- 
teristics to be of only secondary importance. Two 
attenuators, whose gains are equal and controlled by a pulse 
of variable width and a feedback system, are connected in 
such a manner that the output is given by the expression 
Vout = A(v,/v.), where A, v, and v, are steady voltages or 
signals; thus by making A and v, constant and v, the input 
voltage a reciprocal output is obtained. As a definite time 
is taken for the operation of the unit, being a balancing 
system, it is unlikely to be suitable for pulse signals unless 
a very fast multivibrator (which is used to vary the gain of 
the attenuators) is used and this might cause unstable 
operation. 





* Royal Technical College, Glasgow. 
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This short review covers the main types of analogue 
dividers and it was the last method that led to the develov- 
ment of the function unit described below, i.e. it should 
be independent of power supplies. 


Theory of Operaticn of Function Unit 


It is shown in Appendix 1 that under suitable conditions 
a monostable multivibrator will give a rectangular pulse, 
the width of which is approximately inversely proportional 
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Fig. 2. Basic circuit and waveforms 


to the p.c. potential applied to a given grid. If the b.c. 
potential is replaced by a rectangular pulse, an output pulse 
is obtained whose width is identical to that which would 
be obtained with a D.c. potential equal to the peak value 
of the input pulse, providing that the time boundaries of 
the output pulse are within those of the input pulse; this 
is shown more clearly in Fig. 1. Thus the width of the 
output pulse is inversely proportional to the peak value of 
the input pulse. 


Description of Basic Function Unit 


The basic function unit is shown in Fig.2 and consists of a 
monostable multivibrator and a linear saw-tooth generator 
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of constant velocity. The input signal of variable ampli- 
tude (A) is converted into a rectangular pulse of variable 
width and constant amplitude (c), this then being applied 
to the saw-tooth generator to convert the pulse width varia- 
tion into a proportional amplitude variation as shown at 
(Dp). Thus the amplitude of the output saw-tooth is the 
reciprocal of the amplitude of the peak value of the input 
rectangular pulse. 


Description of Complete Function Unit 

Certain refinements were added in the complete unit 
shown in Fig. 3(a), and it will be seen that two memory 
circuits (V,, V2, Vio, Vi;:) have also been added. 


H1.+ 250V 


as an anode and the main anode is electron coupled so that 
the operation of the multivibrator is not influenced by 
variations of the load following it. The output negative 
rectangular pulse (E) is then applied to the linear saw-tooth 
generator V, and V,, a Bootstrap sweep circuit®’, after 
passing through a cathode-follower V, to isolate the low 
input impedance of the normally conducting V, from the 
anode of V,. The saw-tooth (F) is then applied to a second 
memory circuit V,, and V,, triggered from a third timing 
pulse (G). Thus the output signal (H), which is approxi- 
mately rectangular, has a peak value that is the reciprocal 
of the peak value of the input pulse (a). 


The second memory circuit may not always be necessary 
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Fig. 3(a). Circuit of complete unit 





Fig. 3(b). Waveforms of complete unit 


As stated above the output signal is dependent on the 
peak value of the input signal and not on its shape so that, 
unless the input is a rectangular pulse, it is first necessary 
to produce a rectangular pulse, the amplitude of which is 
equal to the peak value of the input signal. In Fig. 3(b) 
the input is shown as a series of saw-tooth voltages (A) 
which are applied to the grid of V, the cathode-follower of 
a memory circuit (see Appendix 2), a suitable timing pulse 
(B) being applied to V., the discharging valve. The output 
of V, (c), after amplification in a two-stage amplifier (not 
shown in detail), is then applied as the reference voltage 
to the monostable multivibrator, V, and V,, which is 
triggered from a second timing pulse (D); it will be noted 
that the multivibrator is slightly modified from that given 
in Appendix 1 in that V, uses the screen grid of a pentode 
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but was used in the original unit as the output signal was 
displayed on a cathode-ray tube and it is more convenient 
for brightening up the trace at the peak value as the 
brightening pulse may be applied any time during the flat 
top of the pulse (H) instead of being applied at the exact 
instant of the waveform (F) reaching its peak value. 

The source of the timing pulses has not been shown as 
any conventional method of timing pulse generation may 
be employed. 


Results 

A test was carried out by applying a pulse of variable 
amplitude and 10usec width to the input and measuring 
the amplitude of both input and output pulses using an 
oscilloscope. The output voltages were then plotted against 
the reciprocal of the input voltage values and the results 
are shown in Fig. 4, showing that the unit is quite 
satisfactory. 
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APPENDICES 
1.—DERIVATION OF CONDITIONS FOR RECIPROCAL FUNCTION 
OPERATION OF MONOSTABLE MULTIVIBRATORS 

Fig. 5 shows the basic circuit of the anode coupled mono- 
stable multivibrator together with its waveforms; as the 
circuit is so well known a description of its operation is 
unnecessary. 

With reference to the V,, waveform in Fig. 5(b), during 
the time the voltage changes from v, to v,—these both 
being measured from the reference voltage V;—along an 
exponential curve, whose time-constant T = C.(R, + Rs) 
and would eventually reach the value Vr if it were not for 
the valve V2. 
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Fig. 5. Basic monostable multivibrator (anode coupled) 


Now for an exponential fall in voltage due to the dis- 
charge of a capacitor through a resistor: 
v=V.e*/? 
where v is the voltage after time f. 
V is the fall in voltage after an infinite time. 
e is the base of natural logarithms. 
T is the time-constant for the circuit. 
And in the particular case: 
V=vVve, V= Wp, t=1, 


some er of welt 6.02000. (1) 

Now the negative voltage swing of V., at time ¢t, is equal 

to the negative voltage swing of V,,, assuming perfect 
coupling. 
Thus: 


T/T 


ee IRS bob kk onveueca (2) 

where 6i,; = the change of V, anode current from cut-off 
* to full conduction at the existing potentials. 
and: 

Dee ee Wit iwex dss p545 cheeses (3) 
where V.. = the cut-off voltage of V, at the existing con- 
ditions. Also by expansion: 

ef 1 + x + x°/2! + x°/3! 4 ..... etc. 


and if x< 0-1, x? and higher terms can be neglected, 
so that: 

edt ee ob a eee Se ope (4) 
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Substituting Equations (2), (3) and (4) in (1) we obtain: 
Vr + 6i,.R 
1 T = ——— 
ihe Ve + Pan 
Vr + Oi; mee 
L Vr + Veo 
Vr + Oi, .R;, | 








(he eae fy 





eS = pe 


5 Vy + Vou 

di,R, — | 

i he Santapeonciaeeninaipermnienas 
& Vy + Veo 





If Veo < Vy then: 
ow pols — Vos 
ge V. 
= K/ V; 
i.e. the width of the pulse generated is inversely propor- 
tional to the reference voltage V;, providing 7 < 0-1 T and 
Vos < Vr. 


2.—THE MEMoRY CIRCUIT 
The memory circuit is shown in Fig. 6 and consists of 
two triodes, a capacitor and coupling circuits. 
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Fig. 6. The memory circuit 


Initially V, is non-conducting due to D.c. restoration of 
the timing pulses (B), causing the normal level of (B) to be 
below the cut-off voltage of V,; thus V, acts. as a cathode- 
follower with a capacitive load'*"’, allowing C, to charge 
up to the peak value of the input voltage (a) at time ¢,; 
this output voltage would remain at this level indefinitely 
if we neglect leakage and (a) does not increase in ampli- 
tude. But at time ¢, the timing pulse (8) momentarily 
discharges C, by allowing V, to conduct for the time 7 
and thus allows C, to charge up to a new lower level at 
time f,. 

It is seen therefore that the circuit allows the peak value 
of a given input signal to be “ remembered” for a longer 
time than that of the initial peak period. 
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Notes from the Industry 


Sir George Nelson, chairman and 
managing director of the English Electric 
Company, Ltd., recently bought from 
Mrs. Mildred Wells, a first cousin of 
Lady Siemens, the originals of more than 
250 letters, written by celebrated men of 
science, statesmen, artists and noblemen 
to Sir William Siemens. These have 
been bound in two handsome volumes 
and were recently privately exhibited in 
London. A third volume, containing a 
short biography of Sir Wiiliam Siemens, 
written by Mr, W. H. Kennet. printed 
copies of all the letters and facsimile 
reproductions of 22 of them, has been 
presented by Sir George Nelson to 
Colonel B. H. Leeson, the President of 
the Institution of Electrical Engineers. 
In addition to the three leather bound 
volumes, one thousand copies of a 
general edition of the letters have been 


printed. These are to be presented to 
universities, libraries, and engineering 
societies, 


The North-West Branch of the Insti- 
tution of Electronics announce that the 
eighth annual electronics exhibition 
will-be held at the College of Tech- 
nology, Sackville Street, Manchester, 
from July 15-21. The exhibition will 
be officially opened on July 15 at 2.30 
p.m. by Sir Geoffrey Jefferson (Emeritus 
Professor of Neuro-Surgery, University 
of Manchester). An _ extensive pro- 
gramme of lectures will be presented 
during the exhibition, dealing with 
topics from all branches of electronics, 
and includes lectures of general interest 
as well as those of a highly technical 
nature. An exhibition catalogue is also 
available, price 1s. 6d. Applications for 
admission tickets, lecture programmes 
and lecture admission tickets can be made 
to the Honorary Exhibition Organizing 
Secretary, Mr. W. Birtwistle, 17 Black- 
water Street, Rochdale, Lancs., or by 
direct application at the exhibition 
reception desk during the period of the 
exhibition. 


Television in Hungary. First details of 
preparations for the introduction of tele- 
vision in Hungary have been disclosed 
by Mr. Antal Katona, Minister for 
Postal affairs. Transmissions will begin 
in 1954. At first these will be confined 
to “documentary programmes” on an 
experimental basis. A year later the 
service will switch to studio programmes 
and on-the-spot broadcasts. 


The Ministry of Supply announces 
that Professor Sir Eric Rideal is to be 
chairman of the Minister’s Advisory 
Council on Scientific Research and Tech- 
nical Development in succession to 
Professor Sir John Lennard-Jones, Sir 
Eric Rideal, who is Professor of 
Physical Chemistry at Kings College, 
London, has been associated with 
research work of the Ministry of Supply 
Since the early part of the last war. 


JULY 1953 


Industrial Applications of Electronics. 
A two-day symposium on the Industrial 
Applications of Electronics was held on 
May 4 and 5 at Liege, in Belgium, under 
the auspices of the Institut Electro- 
technique Montefiore. Some 40 papers 
were presented by speakers from Bel- 
gium, France, Germany, Holland, and 
Sweden, the subjects ranging from non- 
linear servomechanisms to the practical 
problems of the application of electronics 
to cold rolling strip mills and machine 
tools. The only British contribution was 
a film of the NRDC Elliott Computor 
type 401 (described in the May, 1953, 
issue of Electronic Engineering, pp. 213- 
214), which was shown during the dis- 
cussion following a paper on Magnetic 
Recording in Computors. 


The BBC have acquired a three-acre 
site at Pages Lane, Bexhill, approxi- 
mately one mile west of the centre of 
the town, for the permanent low-power 
2kW transmitting station that is being 
provided to improve reception of the 
Home Service in the area, This perma- 
nent station is expected to be in service 
before the end of the year, 


Cambridge Summer School in Auto- 
matic Computing. A summer school in 
programme design for automatic digital 
computing machines will be held in the 
University Mathematical Laboratory at 
Cambridge during the period September 
22-October 2, 1953. It will be along 
the same lines as those held previously. 
A detailed syllabus and form of applica- 
tion may be obtained from G. F. 
Hickson, M.A., Secretary of the Board 
of Extra-Mural Studies, Stuart House, 
Cambridge. Completed application 
forms should be returned not later than 
July 18 


The Institute of Physics announce that 
their thirty-third annual report was 
adopted at the annual general meeting 
of the Institute on May 29. 251 new 
members were elected to grades for 
which approved academic qualifications 
in physics are demanded. 651 appli- 
cations for membership were considered 
during 1952 and the total membership 
at the end of the year was 4 347. 


Marconi’s Wireless Telegraph Co., Ltd., 
have designed, manufactured and _ in- 
stalled a new short-wave broadcasting 
transmitter which has begun operation at 
Abu Zaabal, near Cairo. The plan to 
build this 100kW short-wave transmitter, 
and a 100kW medium-wave transmitter 
with aerial system, now under construc- 
tion by the company at the same site, 
was originally drawn up some years ago 
with the intention of giving world-wide 
and local coverage for the Arabs. The 
range of this short-wave transmitter is 
such that people from any part of the 
world will now be able to listen to 
Egyptian programmes without any diffi- 
culty. 
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PUBLICATIONS 
RECEIVED 


DECCA RADAR LINK TYPE 2 is a_ booklet 
describing a new equipment which will be of 
immediate use in the fields of aviation, military 
and coastal radar. This Radar Link opens up 
new possibilities in the use of radar by allowing 
the picture to be presented at a place remote 
from the radar station. It also offers the possi- 
bility of choosing the radar site solely on the 
basis of the best radar performance and at the 
same time installing the displays in the place 
where the picture is needed. Decca Radar 
Limited, 1-3 Brixton Road, London, S.W.9. 


PRODUCTIVITY REPORT ON INSPECTION 
IN INDUSTRY presents an outline of principles 
and practice approved in both the U.K. and the 
U.S. that should be valuable alike to small and 
large firms, and those in other industries besides 
engineering. Some of the recommendations are 
of a general nature, such as that advocating pro- 
vision on a national scale of instruction in the 
technique of inspection. Others are addressed to 
firms wishing to ensure attainment of a more 
consistent level of quality. Copies of the report 
may be obtained from the British Productivity 
Council, 21 Tothill Street, London, S.W.1, price 
3s., post free. 


THE RADIO AMATEUR’S HANDBOOK. This 

handbook is, by now, too well known to require 

comment. The thirtieth edition has, as usual, been 

revised and gives a complete guide to current 
ractice of the radio amateur in America. The 
umford Press, New Hampshire, U.S.A. 


TELEFUNKEN is a book published by the Tele- 
funken Company of Germany to mark their 50th 
anniversary. The publication contains articles by 
twelve authors which cover the history of wire- 
less telegraphy and television in Germany from 
the days of the discovery by Hertz of electro- 
magnetic waves. Although written in German, 
there are English and French summaries. Tele- 
funken Gesellschaft fur drahtlose Telegraphie 
m.b.H., Mehringdamm 32-34, Berlin SW 61. 


THE GREAT BARMOTE COURT IN THE 
DUCHY OF LANCASTER is an excellently pro- 
duced book which Scott-Turner & Associates have 
recently prepared for their clients, H. J. 
Enthoven and Sons Ltd. It gives an historical note 
on the Great Barmote Courts, Wirksworth, Derby- 
shire, with an account of the ceremony com- 
memorating the 1852 ‘‘Derbyshire Mining Customs 
and Mineral Courts Act’’. Scott-Turner & Asso- 
ciates Ltd., 17-18 Dover Street, London, W.1. 


ELECTRICAL RESISTANCE MATERIALS is a 
booklet produced by Johnson, Matthey & Co., 
Ltd., and gives details of their properties and 
applications, covered wires, variation of resistance, 
uniformity of resistance, etc. Tables showing 
relationship between wire diameters, resistances 
and weights of the various wires are also given. 
There is also a note on resistance materials for 
specialized purposes. Copies of the booklet are 
obtainable from Johnson, Matthey & Co., 
Limited, 78-83 Hatton Garden, on E.C. I. 


KABI TERMINAL BLOCKS is a leaflet describ- 
ing the Kabi connector blocks and 12-way con- 
nector strips which Kabi Precision Components 
(Barnet) Ltd. have supplied to Government 
Departments and electrical manufacturers, both 
at home and overseas, for more than fifteen years. 
Kabi Components (Barnet) Ltd. 


THE PROPERTIES OF ELECTRICAL _IN- 
SULATING MATERIALS AND METHODS OF 
TEST is the third in a series of Notes on Applied 
Science published by Her Maijesty’s Stationery 
Office for the Department of Scientific and 
Industrial Research. The booklet describes the 
tests carried out by the National Physical Labora- 
tory on electrical insulating materials. New 
materials are continually being developed and 
their performance as insulators may be important. 
A short introduction describes what properties 
are tested to discover this, the electric strength, 
flashover voltage, insulation resistance and so on. 
Details of the various tests are given. Besides the 
more familiar materials, the National Physical 
Laboratory tests waxes and bitumens, varnishes, 
enamels, plastics, such as nylon and rayon, and 
timbers. e cost of this booklet is Is. 3d. 
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BOOK REVIEWS 


Television Engineers’ Servicing 
Manual 

Edited by E. Molloy. 760 pp., 585 figs. Royal 8yvo. 
Geo. Newnes Ltd. 1952. Price 42s. 

HIS book is stated to deal with “ the 

installation, repair and maintenance 
of television receivers, and while it 
should be of value to those concerned 
with these things, it is doubtful if it is in 
the best form. Service data has to be 
constantly added to keep it up to date, 
and some sort of loose-leaf binding is 
very useful for this purpose. No indi- 
cation is given that this is to be one of 
a series of books, each concerned with a 
particular year, such as the American 
Rider’s Manuals, so it must be considered 
as a complete volume. 

Following a brief history of each of 
the 16 “ Specialist Contributors ” there is 
a short survey of types of television 
receivers. It contains some odd observa- 
tions such as “until recently television 
could only be operated from A.c. mains,” 
and under “ Focusing” “. . . .in A.c./ 
D.c. receivers the drop in voltage across 
the (focus) coil can hardly be afforded. 
When the H.T. current is limited, there- 
fore, some sort of permanent magnet is 
desirable,” but is interesting and up to 
date. 

Next comes a series of General Notes 
on Installations. These are very useful 
and particular stress is placed on obtain- 
ing maximum benefit from test card “C” 
when setting up. Only one with con- 
siderable practical experience of com- 
mercial receivers would have written 
“ The circle is a critical linearity test over 
the central area, and if the receiver is 
correctly adjusted it should be circular in 
shape.” 

In the following section on aerials and 
feeders, many kinds of commercial 
indoor and outdoor aerials are described 
and illustrated and attenuators are shown 
with a table of resistors for various 
amounts of attenuation. The table 
might well have shown the attenuation 
as a voltage ratio as well as in dbs. The 
resistors given are all “ preferred” 
values, which is a useful practical point. 

The next five pages are used to deal 
with the effect of the geographical posi- 
tion of the receivers, and the field 
strength maps of the London and Sutton 
Coldfield transmitters are shown. This 
is followed by a short description of 
equipment used in servicing, some notes 
on fault finding, and the alignment of 
receivers for single sideband reception. 
There are a number of excellent John 
Cura tele-snaps in those early pages, 
showing various faults on a television 
screen. 

The rest of the book is concerned with 
very complete servicing details of 55 
receivers, mainly 2-3 years old, made by 
29 manufacturers. The average treat- 
ment for each model is an illustration of 
the complete receiver in its cabinet, one 
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or more of the chassis with an indica- 
tion of the position of various compo- 
nents, details of the removal of the chassis 
from the cabinet, position and adjust- 
ments of the controls, a circuit diagram, 
a description of the circuit, voltage read- 
ings at various points, modifications or 
variations in the circuits, and a list of 
possible faults. 

Most of this material seems to be 
copied from the Manufacturers’ Service 
Manuals and for this reason is very 
varied from make to make. In particu- 
lar, the circuit diagrams are drawn in a 
number of ways, many are poor, and 
some are practically unreadable unless 
much effort and time is spent on tracing 
wires. The printing of the book is excel- 
lent, it is what is printed that is hard to 
follow. Some manufacturers even print 
some parts of a circuit upside down, but 
to prevent these parts being studied by 
inverting the page, the values are printed 
right side up. 

It is a pity that the circuits were not 
re-drawn in a uniform and clear manner. 

It would also have been helpful if the 
makes had been arranged alphabetically, 
with the model numbers listed. As it is, 
to find a particular make one has to find 
the list of contents where the makes are 
given in page order, or find page 51 
where the makes are listed in alphabetical 
order, and then find the appropriate page 
and finally see if a particular model is 
described. Such delays are especially 
annoying. 

Several descriptions could also have 
been written more clearly, e.g. the des- 
cription of a frame time base on page 
170. where the screen potential of a 
Miller/Transitron type of oscillator is 
stated to be negative part of the time and 
the anode current is stated to increase 
until the anode voltage is “ nearly at the 
same potential as the cathode and anode 
current is at its minimum.” 

As already stated, the printing is excel- 
lent and on good paper. The illustra- 
tions are of equally high standard, and 
the book is probably good value for the 
circuit diagrams alone, which work out 
at approximately 9d. each. 


C. H. BANTHORPE. 


High Fidelity Simplified 


By Haro!d D. Weiler. 208 pp., 104 figs. Medium 
8vo. John F. Rider Inc., New York. 1952. Price 
§2-50. 

OU are an “audiophile”, whose 

desire is to achieve high quality repro- 
duction, but you do not possess the 
technical qualifications to enable you to 
assess the relative merits of the vast array 
of equipment from which you must select 
your buy? Then this book has been 
written for you. 

The early part explains the nature of 
sound and the function of hearing, so 
the reader can understand the problems 
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of good reproduction. Probably, to the 
uninitiated reader, the author’s presenta- 
tion would prove quite enlightening, but 
to this reviewer the value of its lucidity 
is somewhat offset by some technical 
inaccuracies, One gathers, for instance, 
that the logarithmic law in the sensation 
of loudness is entirely due to the ampli- 
tude of eardrum movement. If this were 
true, intermodulation products would be 
colossal, rendering our critical faculties 
of listening completely impossible. Also 
we learn that a signal 40db below the 
one we want to listen to is sufficient to 
mask it. This may account for the level 
at which some people operate their 
radio receivers ! 

The latter part is concerned with the 
variety of systems available. Most of 
the fetareions are of typical examples 
of various items, from loudspeakers, 
record-players, tuners and amplifiers, to 
complete music room installations, by 
various American manufacturers. The 
pros and cons of various systems are 
fairly given, so the reader has a good 
opportunity to decide which will serve 
his own objective best. The level, as 
the author intends, is kept introductory, 
to enable the reader to grasp points in 
technical literature that must have been 
somewhat obscure to him before. 

One passage amused the reviewer: 
American long-playing records are given 
a frequency range of 50 to 10000c/s. 
The British are making them from 40 
to 14000c/s. So the author suggests a 
new standard of 30 to 15000c/s. The 
addition of 1000 cycles may seem a lot 
numerically, but the author should 
realize, as he explains the significance of 
logarithmic frequency scale elsewhere, 
that the ratio 15/14 is little over a semi- 
tone! it’s rather like a piano manufac- 
turer adding A sharp at the top end to 
excel his rivals. 


N. H. CROWHURST. 


Radio and Radar Technique 


By A. T. Starr. 812 pp., 300 figs. Medium 8vo. 
ms, Ltd. 1953. price 75s. 


Sir Isaac Pitman & 


Bee comprehensive book by an estab- 
lished author gives in a single volume 
a summary of the techniques used in 
modern radio and radar. Clearly such 
a book is only made possible by rigorous 
selection of material, and Dr. Starr 
refrains from discussing specific applica- 
tions, and he excludes those topics 
usually dealt with in a University Degree 
Course. 

The condensed style, the frequent 
abbreviations and the excessive use of 
mathematical explanations make this 
book much more difficult to read than 
either the M.I.T. Radiation Laboratory 
series or the I.E.E. Radiolocation papers 
from which sources much of the material 
has been taken. The following sentence 
is by no means untypical of the sort of 
difficulty confronting the reader:— 
“Thus, p.A.M. having sidebands of the 
A.M. type will have no improvement but 
P.W.M., P.T.M. and P.F.M. having side- 
bands of the P.M. or F.M. type will have 
an improved s/N” (page 40). However, 
the book contains a remarkable amount 
of useful information, especially in the 
first five chapters, and for these and the 
extensive bibliography it is well worth 
having. 
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The book is divided into seven chap- 
ters followed by thirty appendices which 
are equivalent in length to a further four 
chapters. Chapter 1 enumerates pulse- 
methods of location and communication 
and considers the fundamental limits set 
by the available bandwidth. Chapter 2 
is on propagation followed in Chapter 3 
by waveguide-techniques and in Chapter 
4 by a description of aerials for both 
metre and centimetre wavelengths. Chap- 
ter 5 describes radar valves, including 
velocity-modulated and travelling-wave 
types. These chapters account for 
approximately one half of the book and 
the remaining two chapters describe 
circuit techniques. Here the material is 
not selected with the same care as in the 
earlier chapters; for example, stabilized 
power supplies are not mentioned, but 
several pages and 19 diagrams refer to 
pulse counters. The appendices are 
mainly mathematical and much of this 
material could have been simplified and 
incorporated in the main text. 

The bibliographies at the end of each 
chapter are excellent and form a very 
valuable addition to the book. In this 
respect the book is much better than the 
M.ILT. series and, as it has been pub- 
lished more recently, it has the added 
advantage that the references are more 
up-to-date. 


V. H. ATTREE. 


Fundamentals of Engineering 
Electronics 


W. G. Dow. 627 pp., 117 figs. Medium 8vo. 


B 
John. Wiley & Sons, Inc., New York. Chapman 
& Hall Ltd., London. 1952. Price 68s. 

HIS book describes the fundamental 

processes involved in the internal 
operation of electron devices. It bridges 
the gap between the theoretical approach 
of the physicist and the practical ap- 
proach of the engineer. The text is 
appropriate to the final year of a degree 
course, but the concise mathematical 
demonstrations and the excellent biblio- 
graphy will make it useful to engineers 
working in the field of electronics. 

This is a second edition, and when the 
first edition was published (in 1937) the 
only electron devices in wide use were 
vacuum and gasfilled tubes with hot 
cathodes, and photo-cells. Thus in the 
earlier edition emphasis was placed on 
electron trajectories in the triode and on 
the phenomena associated with gas dis- 
charges and photo-electric emission. In 
recent years many new devices have 
become’ of engineering importance; 
examples of these are magnetrons, v.M. 
tubes, photo-multipliers, high-intensity 
light-sources, and __ transistors. The 
second edition includes the basic princi- 
ples underlying the operation of these 
devices, and to make room for the new 
material certain topics discussed in the 
first edition have been omitted. 

The first six chapters are concerned 
with the field distribution and electron 
behaviour in valves and cathode ray 
tubes. Of these chapters, the one on 
cathode ray devices (Chapter IID is 
undoubtedly below the general standard; 
post-deflector acceleration and _transit- 
time effects are not mentioned, and the sec- 
tion on television camera-tubes occupies 
less than a page. Chapter VII discusses 
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thermionic cathodes, and Chapter VIII 
introduces the idea of the Fermi energy- 
level diagram which readily leads to the 
discussion of electron behaviour in con- 
ductors and semi-conductors. This chap- 
ter is perhaps the most valuable in the 
book and it is disappointing to find that 
the description of actual semi-conductor 
devices occupies little more than a page. 
Chapters IX and X deal with the appli- 
cation of conventional valves in ampli- 
fiers and oscillators, followed in Chapter 
XI by an introduction to the principles 
of microwave tubes. Chapter XIII deals 
with the ionization and exitation of 
atoms, which is the basis of modern 
spectroscopy. Chapter XIV is on photo- 


VOLTAGE 
STABILIZERS 


F. A. Benson, M.Eng., A.M.I.E.E., M.I.R.E. 
(University of Sheffield) 


Price 12/6 








This monograph describes 
the various devices employ- 
ing saturated elements, glow- 
discharge tube circuits and 
thermionic valve arrange- 
ments for voltage stabiliz- 
ation. A comprehensive 
bibliography is included. 


Order your copy through your bookseller 
or direct from 
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electricity, and the remainder of the book 
gives the fundamentals of gaseous dis- 
charge devices. 

The references at the end of the book 
are up-to-date, given with the full title, 
and with minor exceptions are from 
recognised journals. The value of this 
section would have been enhanced by the 
inclusion of more European work and by 
an author index. ; 

In spite of these criticisms there is no 
doubt that Professor Dow, with the aid 
of his associates at the University of 
Michigan, has produced a good book and 
one which, because it deals with funda- 
mentals, is less ephemeral than the usual 
electronics text. 

V. H. ATTREE. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Supersonic Flaw Detector 
(Illustrated below) 


HE MkS is the latest of the range of 

flaw detectors manufactured by 
Messrs. Kelvin and Hughes Ltd. 

It is designed specifically for the 
inspection of welded pressure vessels 
where the equipment must be passed 
through a manhole. The equipment, 
which is totally self-contained measures 
17in. by Qin. by Sin. and has a total 
weight of less than 30lb. 

Among its most notable features are 
the following. The scale can be expanded 
so that the width of the screen represents 
only a small part of the total range, thus 
facilitating thickness measurement or the 
individual detection of closely grouped 
flaws. 

A very bright trace even on the 
shortest range is achieved and is 
adequate for daylight viewing. 

The instrument which uses the new 
lightweight leads can be _ operated 
with the full range of Kelvin Hughes 
probes. A special combined transceiver 
probe (illustrated) provides many of the 





advantages of the dual probe system 
while allowing the ease of handling 
inherent in a single probe. 

The coaxial sockets are duplicated to 
allow for use of special filters on a 
depth and thickness gauge. 

The cathode-ray tube and all valves 
used in this new equipment are easily 
obtainable standard types. 

A handle on the front panel for carry- 
ing the instruments in a vertical position 
also gives protection to the controls. 

The principle of operation, which is 
by now well known is as follows. As 
the C.R.T. spot passes the zero mark on 
the scale a _ pulse of _ ultrasonic 
energy in the form of a narrow beam 
is directed into the specimen under test 
by means of the transmitting crystal 
mounted in an exploring probe. Energy 
reflected, for example by the boundary 
of the specimen, is picked up by the 
receiver crystal and causes a_ vertical 
deflexion of the cRT. spot. The 
presence of a flaw is indicated by any 
defiexion of the spot between the zero 
mark and the boundary echo. The posi- 
tion of the flaw in relation to the depth 
of the specimen can be deduced from 
the relative positions of the flaw echo 
and the boundary echo. By making use 
of the scale expansion feature any part 
of the trace may be selected and ex- 
panded so as to allow detailed examina- 
tion of the echo. 
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accessories and test instruments. 


The operating frequencies are chosen 
to suit the type of material being tested 
and are selected by means of a switch. 
Frequencies available are $, 14, 24, 24, 
and 5Mc/s, intermediate frequencies can 
be obtained, if required, by the use of 
plug-in filters. The range represented 
by full deflexion of, the time-base can 
be varied from 2in. to 12ft when 
using the ordinary vertical probes. These 
distances are approximately halved 
when transverse wave probes are used. 


Kelvin and Hughes (Industrial) Ltd., 
2 Caxton Street, 
London, S.W.1. 


Thermometer Bridge 
(Illustrated below) 


pee instrument constitutes a simple 
method of accurate temperature 
measurement in the form of a robust 
industrial unit, with no galvanometer or 
fragile moving parts. It consists of a 
Wheatstone bridge, designed to operate 
with standard Weston platinum resistance 
bulbs. An alternating voltage is applied 
to the bridge, the out-of-balance voltage 
of which is amplified and used to operate 
an electronic indicator (magic eye). 
The temperature is read directly from 
the calibrated dial when this has been 
rotated by hand until balance of the 
bridge is indicated by the magic eye. 
The electronic equipment is housed in 
a small diecast aluminium case suitable 
for wall mounting on any industrial site. 
The resistance bulb, with its pocket, is 
inserted at the temperature measuring 


point and connected by a cable to the * 


electronic unit. 

This unit is available in four tempera- 
ture ranges covering from —200°C to 
+ 500°C. 

The equipment is calibrated for Weston 
standard platinum resistance bulbs. It 
can be supplied with a multi-way switch, 
if required, so that several points can be 
examined on the same instrument. 


Fielden (Electronics) Ltd., 
Wythenshawe, 
Manchester. 
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Alternating Voltage Stabilizer 
(Illustrated below) 


HIS instrument provides for an 

automatically regulated and variable 
alternating output voltage from the nor- 
mal mains supply. It incorporates a 
servo-mechanism which has _ been 
developed to meet the most exacting 
laboratory and industrial applications 
where a completely undistorted. wave- 
form and rapid response together with 
extreme reliability and accuracy are 
essential. Efficiency on full load is 
97 per cent 

The unit is assembled on a steel 
chassis and a 19in. by 8}in. panel. It is 
protected by a dust cover and is normally 
contained in a robust steel case. Alter- 
natively, the unit can be withdrawn 
—_ the case and placed in a Post Office 
rack. 

The stabilized output voltage is con- 
tinuously variable between 200 and 
240V at a current from zero to 10A, 
but the input voltage must be within 
—174 per cent to +6 per cent of the set 
output voltage. 





The output voltage is maintained con- 
stant to within 1 per cent while a fre- 
quency variation of 10 per cent may 
result in a maximum change of 0-2 per 
cent in the output voltage. The system is 
unaffected, both in accuracy and response, 
by large changes in ambient temperature. 

The output voltage is monitored by a 
sensitive comparator circuit, which 
measures the error from the correct 
value as set by the control knob. If the 
error exceeds 1 per cent a small a.c. 
motor drives a Philips variable auto- 
transformer which restores the voltage to 
its proper value, and the motor then 
stops. 

The rate of correction, when the 
mechanism has reached full speed, is 
12 volts per second. The bandwidth 
which determines the speed at which the 
mechanism can reverse its motion is 
24c/s, corresponding to an_ effective 
time-constant for the whole system of 
approximately 70 milliseconds. 

Protective devices are incorporated in 
the form of limit switches. Thus, if the 
input voltage goes outside the specified 
range, and this can occur when the unit 
is used as a variable voltage supply, the 
motor will be switched off automatically. 
For example, if. the input is at 180V, 
nominally 200, and the output is raised 
to 220, the limit switch will operate and 
the motor will remain switched off until 
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the output setting is reduced or the input 
voltage rises. 

In the event of a serious fault occur- 
ring, the motor is further protected by 
a thermal cut-out. 

Although the range of the standard 
unit is 200-240 volts output, provision is 
made, by the embodiment of a simple 
modification, to draw maximum power 
at any required voltage. For example, 
the unit can be arranged to supply 350A 
at 6:3V so that the low voltage is fully 
stabilized against varying load condi- 
tions or fluctuating voltage supply. The 
component parts necessary for the intro- 
duction of this modification are supplied 
according to requirements. 

The unit can also be arranged to have 
two output supplies whereby both are 
stabilized against input voltage fluctua- 
tions and one fully stabilized against load 


variations. 
Servomex Controls Ltd., 
Crowborough Hill, 
Jarvis Brook, Sussex. 


Interference Suppressor Components 
(Illustrated below) 


THREE new types of suppressors 
(illustrated) have been added to the 
range of bushing suppressors manufac- 
tured by the Dubilier Condenser Co. 
The new types, which are available with 





both ceramic and neoprene end seals, 
are rated at 50V p.c. and are suitable 
for use on low voltage pD.c. generators 
and motors. They have excellent sup- 
pression characteristics up to 600Mc/s. 
Also recently introduced is a range of 
tropical suppressor filter units which are 
hermetically sealed in a metal container 
with silastic terminals, and three new 
types of suppressor chokes, one utilizing 
a toroidal ferroxcube core, the second 
a wavewound choke on a dust core, and 
the third a miniature choke in a moulded 
bakelite box. These chokes are for 
suppression of interference on the nor- 
mal sound broadcasting bands and are 
not suitable for suppression of inter- 
ference to television programmes. 


Dubilier Condenser Co. (1925), Ltd., 
Victoria Road, 
London, W.3. 


P.V.C. Wire Stripper 


OLF ELECTRIC TOOLS, LTD., 

announce that Wolf solderguns 
type numbers 31 and 41 and soldering 
irons numbers 32 and 42, will in future 
be fitted with a patent wire stripper for 
stripping plastic covered wires prior to 
soldering. The stripper is conveniently 
fitted to the barrel of the tool and in a 
position for correct working temperature. 


Wolf Electric Tools, Ltd., 
Hanger Lane, London, W.5. 
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Variable Frequency Vibration Drive 
Amplifier 


(Illustrated below) 


HIS vibration drive equipment has a 

frequency range from 50c/s_ to 
10kc/s and will provide up to 250 watts 
(Class A) into any load impedance 
between 0:5 ohms and 50 ohms. The 
considerable power available is sufficient 
for the vibration of complete production 
assemblies so that design engineers are 
able to determine component and struc- 
tural design performance under dynamic 
conditions and to earry out fatigue tests. 

In order that a uniform drive 
characteristic may be obtained at all 
frequencies, and under varying operating 
conditions, an A.v.c. type of control 
amplifier is used, to ensure continuous 
amplitude-controlled acceleration and 
constant velocity. The control action is 
determined by a signal derived from a 
pick-up coil mounted on the vibration 
table and this signal is fed back into 
the control amplifier. In addition to a 
continuously varidble gain control, the 
amplifier has a three position switch to 
select a drive amplitude equivalent to 
x1, x10 or x 100g. 

The equipment, which is mounted in 
a 6ft rack, consists of a beat fre- 
quency oscillator, the control amplifier, 
buffer and output stage and power supply 
units. A system of safety relays links 
and fuses prevents damage due to 
premature application of the H.T. 

The equipment is based upon an 
original design of the General Electric 
Co., Ltd., Stanmore, in conjunction with 
the C.LE.M.E., Ministry of Supply. 

The output characteristic is linear 
+0-5db from 20c/s to Skc/s with a 
slight deterioration from S5kc/s to 10kc/s, 
the output power being 250 watts in 
class A or 1000 watts in class AB2. 

In the illustration the drive amplifier 
is shown in use in conjunction with the 
panoramic wave analyser model 1950, 
this latter unit will analyse any complex 
waveform into its fundamental and 
harmonics between the range of 20c/s to 
4kc/s. 


Industrial Electronics, 
Derby Road, London, S.W.14. 
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Cyldon Teletuner Type TV12 


(Illustrated below) 

fimo Cyldon Teletuner type TV12 is a 
4 two valve unit performing the func- 
tions of R.F. amplifier and frequency 
changer of a television receiver, giving 
the facility of selection of any one of 
twelve carrier frequencies by means of a 
single knob control. 

Channel selection is made by a 
rotating turret containing twelve aerial 
and twelve r.F. coupling and oscillator 
coils, each coil being mounted on a low- 
loss bakelite contact strip and retained 
on the turret by means of a phosphor 
bronze clip. All circuit switching is 
accomplished by means of eleven spring 
pressure contacts, rotation of the turret 
bringing the coils for the desired channel 
into circuit and leaving the remaining 
eleven completely isolated. The tuner 


can be supplied to cover television 
transmissions from any of the systems 
used throughout the world in the carrier 
frequency range of 50-220Mc/s. 





The signal input to the tuner may be 
made either at an impedance of 
300 ohms balanced with respect to earth, 
or at 75 ohms unbalanced. The R-F. 
amplifier uses a double triode valve in a 
cascode circuit with neutralizing on the 
input triode. Provision is made for the 
use of A.G.c. on this valve. 

The frequency changer uses a triode- 
pentode valve with inductive injection 
of local oscillator voltage. Bandpass 
coupling is used between the R.F. ampli- 
fier and mixer stages, giving good curve- 
shape characteristics. 

Fine adjustment of the local oscillator 
frequency is provided by a_ trimmer 
capacitor, the spindle of which is brought 
out concentrically with the main channel 
selector spindle. 

Extensive shielding, both internal and 
external, is provided, together with 
by-passing of AG.c., H.T. and _ heater 
feeds to reduce oscillator radiation. 

Signals at intermediate frequency from 
the mixer anode may be fed to the LF. 
amplifier at either high impedance or at 
75 ohms, the coupling transformer being 
incorporated in the tuner chassis. The 
intermediate frequency is in the range 
40-47Mc/s. 

Supplies required to the tuner are 
220V u.T. 16V at 0-3A, the heaters being 
series connected, and an a.G.c. line with 
a standing voltage of —1-5V. 

Sydney S. Bird and Sons, Ltd., 
Cambridge Arterial Road, 
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Let. ee TO. THE: EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A D.C. Amplifier for use in pH 
Measurements 


Dear Sir,—In his interesting article in 
the February, 1953, issue Mr. C.. Morton 
devotes the major part of his analysis to 
a theoretical circuit (Fig. 3) which works 
in a basically different way from his 
practical amplifiers (Figs. 4 and 5). He 
partially recognizes the distinction 
towards the end of the article, but dis- 
misses it so briefly as to leave the i impres- 
sion that with minor modifications the 
preceding analysis holds good for the 
practical circuits, whereas in fact. any 
resemblance between the two systems is 
purely coincidental. 

Consider the coupling between the 
two halves of the amplifier. In Fig. 3 it 
is obtained solely by current flowing 
through the load resistor ro. If ro were ©, 
the second half of the amplifier, A. would 
be completely disconnected and would 
not function at all. This behaviour is 
correctly expressed by equation (16): 
when i, = 0, i: = 0. But in the practical 
amplifier circuits the mode of operation 
is quite different. The cathode resistor 
denoted by Rx or Ri; (which Mr. Morton 
explains is needed for adjusting the cath- 
ode potentials of V: and V, but is not 
deliberately included for phase inversion 
or coupling, although incidentally con- 
tributing to or reinforcing that effect) 
ensures that the practical amplifiers con- 
tinue to work as symmetrical coupled 
pairs even when r, = %. This resistor 
is in fact the sole means of coupling the 
two halves, not only when the load is 
open-circuited (when Mr. Morton’s 
explanation of coupling obviously breaks 
down) but also when it is working 
normally, with finite r.. For the action 
via r. not only does not provide positive 
coupling: it opposes the actual coupling, 
being in fact negative feedback. This 
can be seen by considering Mr. Morton’s 
explanation of how Fig. 3 works: a posi- 
tive potential to the control grid of A, 
impresses a negative potential on the con- 
trol grid of A». But in the practical cir- 
cuits this point is actually driven posi- 
tive (by the cathode coupling) against the 
influence of io. 

The introduction of Fig. 3 and asso- 
ciated explanation is therefore not only 
irrelevant to the practical circuits shown 
but is liable to confuse. 

The same remark applies to the state- 
ment that any desired degree of negative 
feedback between 0 and 100 per cent can 
be obtained by varying r.. In Fig. 5 the 
whole available output voltage is fed 
back, and in the normal use of terms the 
feedback would be said to te 100 per 
cent, regardless of the value of load 
resistance. 

A valuable feature of this heavy feed- 
back is that by using this type of circuit 
with suitable valves and component 
values* the output resistance of the 





* Scroccte, M. G.. Valve Voltmeter Without Cali- 
bration Drift. Wireless World, 58, 14 (1952). 
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amplifier can be made as low as 2 ohms 
and the output voltage is equal to the 
input voltage, so that any D.c. voltmeter 
connected to the output terminals reads 
correctly when the combination is used 
as a high-input-resistance valve volt- 
meter. 

Incidentally, may I again make a plea 
against the use of non-standard symbols? 
Mr. Morton employs yu to denote ampli- 
fier gain, although this symbol has for a 
generation been adopted universally for 
valve amplification factor. He is there- 
fore driven to denoting the latter by wu’. 
For this misuse of # he can blame certain 
authorities on negative feedback, but 
they are at least consistent in denoting 
the fractional feedback by 8, whereas he 
makes confusion worse confounded by 
substituting a (the appropriate symbol for 
amplifier gain), using 8 for something 
else. And it has for some time been 
agreed to denote internal valve para- 
meters by small letters; so R, denotes an 
external anode resistance. The British 
Standard lists are readily obtainable and 
it would spare the reader unnecessary 
difficulty if authors would adhere to them 
wherever applicable. 

Yours faithfully, 
M. G. ScroGGIE. 
Elstree Hill Laboratory, 


Bromley. 


Dear Sir,—It seems to me that a num- 
ber of points made by Mr. C. Morton in 
his article published in your February 
issue are open to question; and I should 
like to advance the following arguments 
and comments. 

(1) Mr. Morton claims, “ phase inver- 
sion is effected without the aid of poten- 
tial dividers, common feedback resistors, 
or other auxiliary circuit components.” 
But if we look at Fig. 3, “ The amplifier 
described,” we find that no phase inver- 
sion is effected; the circuit is not a push- 


Fig. B (right). High resis- 
tance input amplifier (after 
Valley and Wallman) 


Fig. A (below). Back-to- 
back arrangement of single- 
sided amplifiers 


pull amplifier, but two single-sided ampli- 
fiers placed back-to-back with the indica- 
ting meter connected between them (Fig. 
A). The input signal is applied to only 
one of the amplifiers, and the other is 
useful only for drift compensation. The 
fact that the output resistance of the 
lower amplifier is made low by feedback 
is, of course, irrelevant to the argument, 
however useful it may be for other 
reasons. Incidentally, unless the output 
resistance of the lower amplifier is nega- 
tive, the physical direction of i’: is oppo- 
site to the direction of the arrowhead. All 
this does not condemn the arrangement, 
of course, since drift compensation is of 
great importance in a D.c. amplifier 
designed to measure potentials of the 
order of 1 volt. : 

(2) When it comes to devising a cir- 
cuit the arrangement of Fig. 3 is difficult 
to realize, since input terminals independ- 
ent of earth are demanded. Mr. Morton 
overcomes this difficulty by connecting 
his input voltage in series with the feed- 
back connexion of the upper or active 
amplifier, although this means that either 
the input or the H.T. supply must float 
with respect to earth, which may some- 
times be a disadvantage and restrict the 
usefulness of the circuit. 

(3) As Mr. Morton points out the 
common cathode resistors Rx Ri; in Figs. 
4 and 5 couple together the upper and 
lower amplifiers, and I estimate that 
because of this the amplifiers do after all 
—, in pretty well balanced push-pull. 

(4) I should like to stress a point not 
included in Mr. Morton’s article, and this 
is that although it is good practice to 
begin a D.c. amplifier with a balanced or 
push-pull stage (for drift compensation), 
there is no real need to keep to push- 
pull stages right to the output; and in 
practice a single-sided output stage is 
often much more convenient, since one 
side of the output can then be the earth 
line. Such amplifiers are well known in 
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the computing field, Valley and Waliman 
describe an amplifier for low-voltage 
very-high-resistance inputs (M.LT. Radia- 
tion Lab. Series, Vol. 18, p. 480, Fig. 
11.63), and I enclose a sketch (Fig. B), 
showing in outline the circuit of a similar 
amplifier I have used myself. 

(5) I am grateful to Mr. Morton for 
reporting the extremely low grid current 
he has found with the Marconi-Osram 
KTW61. I have believed for a long 
time that low-mu valves are intrinsically 
the most suitable in applications requir- 
ing low grid current, since only low-mu 
valves (inner mu for a pentode, of course) 
can be operated at very low voltages (say 
10 volts or even less); and I have miyself 
obtained good results with the Mullard 
EL32. It had not occurred to me, how- 
ever, that in the common variable-mu 
pentodes we have types worthy of inves- 
tigation. 

Yours respectfully, 
E. F. Goon, 
R.R.D.E., 


Malvern. 


Dear Sir,—I have read with great 
interest the article on “ A p.c. Amplifier 
for use in pH Measurements” by C. 
Morton in your February issue, but I am 
surprised that he makes no mention of 
the use of “acorn” type valves, such as 
the 954 as electrometer valves, especially 
when used with G3 as the input, as des- 
cribed by Nielsen (Rev. Sci. Instrum., 18, 
78 (1947). This type of valve has also 
been used in circuits with 100 per cent 
negative feedback, with either g: or g: 
injection, as described for instance by 
Harris (Electronic Engng., 23, 9 
(1951) for pH measurements, etc. 


Yours faithfully, 
PETER S. BENNETT, 
Lancaster. 


The Author replies: 


Dear Sir,—I am indebted to Mr. Good 
and to Mr. Scroggie for their explana- 
tions of the manner in which the ampli- 
fier functions, and for their comments 
upon the effect of the common cathode 
resistors Rx and R,; (in the circuits of 
Figs. 4 and 5 respectively) in producing 
phase inversion. A_ similar coupling 
effect is of course also produced by the 
common screen resistor Rs of Fig. 4. The 
writer abandoned the use of these cir- 
cuits same time ago in favour of a modi- 
fication, the publication of which has 
hitherto been prohibited by the Patent 
Comptroller under national security 
regulations. | When the connexions of 
Fig. 3 are rearranged as in Fig. C, the 
degree of phase inversion may be con- 
tinuously adjusted from zero to 100 per 
cent, and the gain from unity to infinity, 
without disturbing the zero setting of the 
output meter. Both effects are produced 
in the absence of common cathode or 
Screen resistors, and are independent of 
the load resistance. 

_It can be shown that for this modified 
circuit the gain is E,/E=1[1—(a,+4,) 
+(1/z)]. If r. is adjusted in such a way 
as to satisfy the relationship a,=1/u 
(e.g., by varying r2, with a,=0, until it 
is found that a known applied E.M.F. is 
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accurately reproduced in the output cir- 
cuit), the calibration of r: for use as a 
gain control is readily calculable from 
the simple expression E,/E*=1/(1—4,). 
The gain is unity for a,=0. and theoreti- 
cally infinite when a,=1. Alternatively, 
rz may be used as a phase splitting con- 
trol, the value of a, required to give any 
desired degree of phase inversion being 
calculable from the expression a.=m 
[1+(1/#)] where m—v,/(vitv:) is the 
fraction of the output voltage which is 
generated by A: The degree of phase 
inversion is zero (m=0) when a.=0, or 
100 per cent (m=0°5) for a.=0°5 [1+ 
(1/#)]. The latter condition is realized 
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Fig. C. Rearrangement of connexions of Fig. 3 


in practice by adjusting r, until it is found 
that an applied £.M.F. produces equal and 
opposite changes in the voltages across 
the equal resistors R: and R:, the overall 
gain being subsequently controlled solely 
by adjustment of r:. As no current flows 
through rm or r: in the absence of an 
applied E.M.F., the adjustment of the gain 
and phase splitting controls does not 
entail readjustment of the zero setting of 
the output meter. 

An additional advantage of the 
arrangement is that it permits of the 
utmost latitude in the choice of the con- 
nexions of the feedback loop. It is 
immaterial, for example, whether the 
loop extends across an odd or an even 
number of stages. When the phase rela- 
tionship between the input and output 
voltages is the reverse of that denoted by 
the signs in Fig. 6, the gain is given by 
the expression E,/E=1/[a.+a.+(1/H) 
—1] which reduces to E,./E=1/0, when 
a,=1—(1/z). Unit and infinite gain 
then corresponds to values of a, of unity 
and zero respectively. The adjustment 
of a, to satisfy the requirement a.=1 
—(1/#) is effected by varying r. (with 
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Fig. D. Practical circuit diagram 
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=1) until it is found that a known 
applied E.M.F. is accurately reproduced in 
the output circuit. 100 per cent phase 
inversion is obtained when a,=0.5[1— 
(1/#)). 

In view of Mr. Good’s remarks con- 
cerning the difficulty of realizing circuits 
of this type in practice and, in particular, 
of providing sound earth connexions, a 
practical circuit diagram is given in Fig. 
D. Normally the input is earthed at the 
point shown in the diagram. Unless one 
is prepared to short-circuit r,; and use rz 
as the gain control, the output circuit 
cannot be earthed: as, however, the load 
consists of a meter, highly insulated from 
the panel, this is unimportant. The nega- 
tive pole of the H.T. supply must be insu- 
lated from the chassis. The H.T. power 
consumption is usually less than two watts, 
and the isolation of the compact mains 
unit from earth presents no difficulty. 
The use of a semi-floating H.T. supply is 
common practice in D.C. instrumentation, 
a recent example being provided by the 
D.c. valve voltmeter of Brewer (J. Sci. 
Instrum., 30, 91 (1953)). Circuit arrange- 
ments of this type are not, however, suit- 
able for use in massive instruments of 
high power consumption. The slight 
additional cost (as compared with a 
single-ended amplifier) of the balanced 
output stage is fully justified by the 
improvement in zero stability which, in 
a pH meter or low range D.c. valve volt- 
meter, is of paramount importance. The 
potential divider r; is used for prelimin- 
ary zero adjustment. 

In reply to the point raised by Mr. 
Bennett it may be pointed out that the 
properties of acorn valves were carefully 
investigated by Hay (Electronic Engng., 
23. 258 (1951)), who reached the same 
conclusion as Mr. Good, viz., that 
modern small output pentodes are more 
suitable for use as substitutes for elec- 
trometer valves. Perhaps the most 
valuable feature of Mr. Hay’s article is 
his emphasis of the fact that the secret 
of success in improving the grid current 
characteristic of the acorn valve consists 
in reducing the anode current to a minute 
fraction of that recommended by the 
manufacturer. This led the writer 
recently to study the performance of 
other valves at anode currents in the 
neighbourhood of 1A. It was found 
that the grid current of R.F. ventodes, 
when operated under these conditions, is 
very greatly reduced; moreover, provided 
that the valve is used in the input stage 
of an efficient cathode-follower circuit, 
the reduction of the anode current almost 
to the vanishing point does not entail any 
loss in stage gain or appreciable reduc- 
tion in the maximum input voltage which 
the amplifier is capable of accepting. This 
somewhat survrising discovery is 
accounted for by the fact that, if the 
anode current of the input valve is 
reduced to 1/n‘ of its normal value, the 
anode load may be increased n-fold with- 
out change in the u.T. voltage; thus, 
desvite the deterioration in valve charac- 
teristics due to the unfavourable opera- 
ting conditions, the stage gain is main- 
tained or.even increased. Table 3 con- 
tains a comparison of the performance of 
the EF37A valve when operated (a) as 
a normal a.F. amplifier, (b) under the con- 
ditions recommended by the manufacturers 
for use as an electrometer valve substi- 
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TABLE 3. 

| (a) (b) | (c) 
Anode current (wA.) 3,000 80 1:0 
Screen current : _ (wA.) 800 20 0-25 
Anode and screen voltages -- 100 45 20 
Grid bias ie oo ae —2-0 —2-0 —1-7 
Heater voltage — 6.3 4:5 40 
H.T. voltage — 400 125 120 
Anode load - (MQ 0-1 1- 100 
Internal anode impedance (MQ) 1-0 5 200 
Mutual conductance (nA.V.) 1,800 240 9 
Amplification factor — 1,800 1,200 1,800 
Grid current ok (upA.) 1,000 app. 6 < 01 
Stage gain .. ite 2 ye = 160 200 600 











tute, (c) at an anode current of 1HA. It 
will be seen that by reducing the anode 
current from 3mA to 1A and the HLT. 
voltage from 400 to 120, the anode load 
being simultaneously raised from 0-1 to 
100M®, the grid current may be reduced 
in the ratio 1: 10000 with a fourfold 
increase in stage gain. If EF37A valves 
operating under these conditions are used 
in the circuit of Fig. 7 in conjunction 
with ECC33 double triode valve, a nega- 
tive input voltage of 50 is accepted by 
the amplifier and reproduced in the out- 
put circuit when the controls are in the 
minimum or “cathode-follower” posi- 
tion. 

Turning to Mr. Scroggie’s comments on 
the terminology used in my article, a 102 
Unipivot galvanometer is frequently used 
as the load in the circuit of Fig. 5, and 
the output voltage is then approximately 
1 per cent of the applied E.m.F. Admit- 
tedly, the degree of negative feedback 
is, strictly speaking, 100 per cent, but its 
effect on the performance of the ampli- 
fier under these conditions is negligible. 
Mr. Scroggie describes the type of feed- 
back employed in his amplifier as 
“heavy”; using this terminology, the 
feedback applied to the input circuit of 
Fig. 5 may be defined as “ heavy ” when 
the load r. is of high ohmic resistance, 
becoming “ light” as r. approaches zero. 
It is doubtful whether the description 
would become more precise if these inde- 
finite terms were substituted for those 
used in the article. The characteristics 
of the amplifier are fully defined, in 
terms from ambiguity, by equations (1) 
to (6). 

Using the circuits of Figs. 4 and 5, 
amplifiers having an internal resistance y 
of less than 22 were produced several 
years before the appearance of Mr. 
Scroggie’s article. As emphasized in 
equations (20) and (23), all that is 
required for the purpose is an increase 
in #. These earlier amplifiers resembled 
Mr. Scroggie’s in that the grid current 
amounted to about 10-*°A, and were use- 
less for pH measurements. The internal 
resistance of the amplifier referred to 
above is about 1-52, and may be reduced 
to zero or rendered negative by adjust- 
ment of nr. 

As correspondence published in ELEc- 
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TRONIC ENGINEERING and elsewhere has 
shown, opinion in regard to the desira- 
bility of the standardization of symbols 
is divided. My own view is that an 
author should be at liberty to use any 
symbols he thinks fit, provided that these 
are clearly defined, but I have no desire 
to revive or to take part in this contro- 
versy. 

Finally, the opportunity is taken of 
correcting printers’ errors in the follow- 
ing equations :— 

B=(R./R+1)/u 

B= {1+ Iu’ (R./R+1)}/m ... 

Yours faithfully, 
C. Morton, 


Chelsea Polytechnic. 


A New Method of Assembling Magnetic 
Recording Heads 


Dear Sir,—The assembly of conven- 
tional magnetic recording or reproducing 
heads of toroidal form is complicated by 
the need for a thin gap-spacer of non- 
magnetic material separating the pole 
tips of the two half-toroids. Gap-spacers 
of the order of 0-Smil are common, and 
as the cross-sectional area of the gap may 
be only fin. x 1/32in. or less, the placing 
in, fastening and clamping of the spacer 
is difficult. The difficulty is increased 
when narrow track’ recording is 
employed, and the gap height may be 
considerably less than fin. An alterna- 
tive technique for producing the neces- 
sary gap, and which at the same time 
obviates the need for clamping plates, is 
to stick the half-toroids together at the 
pole tips using a suitable adhesive such 
as one of the synthetic resins now avail- 
able. The residual interlayer of 
adhesive then acts as a gap-spacer of 
predetermned dimensions. For manu- 
facture the two half-toroids are placed in 
a clamping jig with adhesive between the 
back and front gaps. By suitable design 
of the clamping jig it is possible to con- 
trol the clamping pressure in the sticking 
operation and the relationship between 
the resulting gap-thickness and pressure 
can be determined by experiment. 

This technique is particularly suited to 
the construction of heads of solid mag- 
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netic material, such as one of the ferrites 
or “ dust-core” material, rather than of 
laminated material. 


Yours faithfully, 

I. W. MERRY, 
Research Department, 
BBC Engineering Division. 


A Visual Method for the Determination 
of Electrolytic Conductivity 


Dear Sir,—I have read with great 
interest the article by J. K. Grierson in 
your March issue. 

While the circuit described is of con- 
siderable interest, it does appear to me to 
be unduly complicated and expensive for 
this application, and I am wondering 
whether Mr. Grierson has tried the simple 
but ingenious circuit described by H. K. 
Moneypenney for the measurement of 
electrolytic conductivities? (J. Sci. 
Instruments., 26, 120 (1949)). 

In Moneypenney’s circuit, the bridge 
network forms part of the feedback path 
of a two-valve oscillator, and changes in 
the cell-capacitance are automatically 
corrected for by changes in the frequency 
of oscillation. Balance can thus be 
obtained by adjustment of the resistance 
only. 

Yours faithfully, 


PETER S. BENNETT, 
Lancaster. 


The Author replies: 


Dear Sir,—In answer to Mr. Bennett 
the following are my comments. 

The Moneypenney circuit was very 
interesting, but, when constructed, was 
found to suffer from the following three 
major difficulties. 

(1) Non-linearity in iron cored trans- 
formers caused a seriously distorted 
oscillator waveform, which, in the pre- 
sence of leakage capacitances in the 
practical bridge, reduced accuracy. 

(2) Drift and spurious indicatioris of 
the balance position. 

(3) It is inherent in the circuit design 
that the fundamental frequency of oscil- 
lation varies. As an electrolytic con- 
ductivity is, in general, a function of the 
frequency of the oscillation employed, 
this leads to a further inaccuracy. 

The figure of 0-1 per cent accuracy for 
the visual method is a conservative one, 
and changes of conductivity of the order 
of 0-01 per cent have been easily de- 
tected. In practice the apparatus is not 
complex or expensive to build. It is 
easy to operate and has been used for 
accurate routine experiments for a con- 
siderable time. 


Yours faithfully, 
J. K. GRIERSON, 
Dunlop Rubber Co., Ltd., 
Birmingham. 
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| > oe the past few years a new 

4 resin-like substance, Polytetrafluoroethylene has 

le 

K. been developed for Commercial use. It is unique among 

“j organic compounds in its chemical inertness, in its toughness 

over a wide range of temperatures, and in its low dielectric losses over 

a wide range of frequencies. | 

- P.T.F.E. has zero water absorption with low surface tension, high impact 

<d strength and form stability, a far greater resistance to chemicals than either 

Gold or Platinum, and retains its strength and dielectric properties at 
temperatures ranging from minus 100° C to plus 250° C. Its co-efficient of 
friction is of a very low order. 

4 The electrical losses of P.T.F.E. are substantially constant over a frequency 
range of 60 c.p.s. to at least 300 Mc.p.s. and are lower than those of polythene 
and polystyrene. Its resistance to surface arc-over is good and on failing it 

tt vaporises instead of carbonising to leave a conducting path. 

ry P.T.F.E. has been successfully used in a wide range of highest grade type- 

4 approved valveholders made by The Edison Swan Electric Co., Ltd., and a 
range of lead-through and stand-off insulators is available. Also a number 

7 of stock sizes of Sheet, Rod, Tape, Yarn, Slugs etc., and moulded or fabri- 

a cated parts can be supplied to specification. 

Its arc resistance, heat resistance and low electrical losses suggest unlimited 
of applications within the Electronic Industry. 
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Instrument Industries Exhibition, 

Olympia, London. June 30-July 11, 
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‘“‘Belling-Lee”’ 


LIGHT DUTY 
CARTRIDGE FUSES 


The “Belling-Lee” fuses referred to on this page, represent 
our basic range only. Details of our full range will gladly be 
sent on application. 


L.1055 STANDARD (GLASS—1} in. x } in.) 

“* Belling-Lee ” L.1055 fuses comply with the dimensional requirements of the 
last published edition of B.S. 646(B). This is now out of print and under revision. 
In the meantime, our L.1055 fuses are being made to meet the modified blowing 
tests recommended by the appropriate R.E.C.M.F. Standardisation panel as 
follows :— 

“The fuse shall blow within 10 seconds on a steady a.c. or d.c. overload 

100 per cent greater than its rated current : this is similar to the B.S. 646(B) 

requirement of blowing within I minute on a 75 per cent overload, but is 

much more practical from the point of view of the user.” 


These general purpose fuses are made in ratings from 60 mA to 25 amps, but 
we do not guarantee that ratings above 7 amps will clear the high prospective 
currents specified for the lower ratings. 


L.338 “ MAG-NICKEL ” DELAY FUSE (GLASS—I} in. x } in.) 


This fuse, while conforming to the dimensions and blowing requirements of 
our L.1055, can withstand a surge of 20 to 30 times its rated current, for periods 
not exceeding 1/100th sec. without shortening its normal life through embrittle- 
ment. The overall construction, exclusive to the “ Belling-Lee” ‘ Mag- 
Nickel ” fuse, gives a greater degree of thermal inertia, the element consisting of 
nickel wire carrying beads of magnesium. ‘This technique is restricted to two 
ratings, 250 and 500 mA, but owing to their surge resisting properties these fuses 
can often be used in circuits where ordinary fuses of up to 3A rating would be 
necessary. 


L562 MINIATURE FUSE (GLASS—j in. x ¥ in.) 

Originally designed to meet service requirements, the construction and 
capabilities of this miniature fuse, resulted in the introduction of specification 
R.C.L.261.1. 

They are designed to blow within 4 second on Ico per cent overload, and 
give reliable service in ratings between 50 mA and 7 A. 


L.754 “ MINIFUSE”’ (CERAMIC— in. x 4% in.) 


The miniature fuse range is extended downwards with the introduction of the 
“* Minifuse,” the design of which is unique. Only long development enabled 
such a fine element to be handled in production, and to give reliable service in the 
10, 15 and 25 mA ratings. They are designed to blow within approximately 
I second on 120 per cent overload. 


L.693 H.R.C. (CERAMIC—I} in. x } in.) 
Now under development. 


Manufacturers and Technical Organisations on our mailing 
list will shortly be receiving copies of the “‘ Belling-Lee’’ 
1953 General catalogue, in which full details are given of 
our range of circuit protection devices. 

If you would like to be placed on our list, please write 
quoting P.365/EE. 


—caeretnirhetimensticehe 


COX. ENGLAN 
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Marconi Television for Thailand 





A B.0.A.C. Photograph 





Thailand, the first country in South East Asia to install Television, has 
placed the order for its system with Marconi’s Wireless Telegraph 
Company Ltd. 

The order includes vision and sound transmitters, Marconi Image 
Orthicon television cameras and associated equipment. 

The system will operate on the international 625 line standard. 

This new order follows those gained by the Company for installations 
in Italy, South America, Canada and the U.S.A. 

Marconi high or medium power transmitters and high-power aerials 


are installed in every one of the B.B.C’s television transmitter stations. 


MARCONI'S WIRELESS TELEGRAPH COMPANY LTD - CHELMSFORD - ESSEX 
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Fine wires in telecommunication & electronic equipment 


need 





the only utalised pure rosin coved Solder 





ACTOL is the only fast-working cored solder 
which is chlorine free. Its pure rosin flux is 
vitalised by an exclusive process to increase its 
wetting power without altering its chemical 
properties ; it contains no additive. Further- 
more, ACTOL has the unique Enthoven stellate 
core for rapid solder wall collapse and faultless 


fluxing. ACTOL leaves a hard, non-corrosive 








residue of maximum insulation resistance. 

A.I.D. approved. In all standard tin/lead 
alloys, 10-22 s.w.g. 

Please send for a sample of ACTOL or ask one 
of our technical advisers to call. 

Perfect joints in precision instruments and 
delicate components need ACTOL, the only 


vitalised pure rosin cored solder. 





Developed and manufactured at the Enthoven Solder Factory 


MARKETED BY ENTHOVEN SOLDERS LTD., 


89 UPPER THAMES STREET, LONDON, E.C.4 


Telephone : MANsion House 4533 


5.3426 
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Grinding Mullard ‘ Ticonal’ permanent 


MAGNETIC MATERIALS Extensive research and 
manufacturing facilities have established Mullard as the leading 
producers of magnetic materials. They were the first, for example, to 
introduce Ferroxcube, the world’s most efficient magnetic ferrite; 
‘ Ticonal ’ anisotropic permanent magnets, renowned for their high 
stability and high energy output; and Magnadur, an entirely new 
type of permanent magnet with the insulating properties of a ceramic. 

The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a team 
of specialised engineers at your disposal. 


Mullard 


‘TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
PERMANENT MAGNETS - FERROXCUBE MAGNETIC CORE MATERIAL 


MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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What the eye doesn’t see... 


Reproducing a strand of superfine 
wire measured in ten thousandths 
of an inch was too much for our 
photographer without magnifica- 
tion, but such limitations are not 
for us, and at our works wire is 
drawn with meticulous precision in 
gauges down to 0.0006. 


Although the finest gauges are 
almost invisible, our customers 
know that what the eye doesn’t see 
the heart needn’t grieve over where 
Cromaloy Vv Nickel-Chrome 
Resistance Wire is concerned. 


All our fine gauge resistance wires 
are now wound on light alloy spools 
and packed in airtight plastic 
containers. 


NICKEL-CHROME 


RESISTANCE WIRE 


| Sno NOMS cree 


dm AS 19 
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This outstanding ‘‘ Standard’’ V.H.F. Attenu- 
ator now in its second year of production 
remains the first and only accurate instrument 
of its kind and continues to meet a heavy 
demand from leading organisations and 
authorities the world over. 


Four models now available 





Characteristic Impedance | 75 ohms 
—— | = | <——— 


| Type 74600-A | Type 74600-E 
| Type 74600-B | Type 74600-F 


50 ohms 





0-9 db in | db steps 
0-90 db in 10 db steps 








All types will handle inputs up to 0.25 watts 


| Accuracy of D.C. adjustment 


0-9 db Models: The insertion loss error will not 
exceed -+-0.05 db for any setting. 

0-909 db Models: The insertion loss error for the 
90 db setting will not exceed +0.3 db. For other 
settings this limit falls linearly to a value of + 0.06 db 
at the 10 db setting. 


| High frequency performance 


0-9 db Models : At 50 Mc/s the insertion loss error 
for the 9 db setting will not exceed 40.15 db. For 
other settings this limit falls linearly to a value of 
+0.05 db for the | db setting. 

0-90 db Models : At 50 Mc/s the insertion loss error 
will not exceed +0.1 db per step. N.B. All insertion 
loss errors are relative to zero db setting. 


Ready for Building into your own equipment. Calibra- 
tion charts for frequencies up to 100 Mc/s for the 0-9 db 
models or 65 Mc/s for the 0.90 db models can be supplied 
on request. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2. 
TRANSMISSION DIVISION, NORTH WOOLWICH, LONDON, E.16 
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Type 705 


THis unit provides a stabilised direct 

voltage, continuously variable from 200- 
350 volts, which may be used with either the 
positive or negative lines earthed, or with the 
output floating. An unstabilised alternative 
supply of 6.3 volts, the centre tap of which 
may be strapped to earth, is also available. 


@ Stabilised output continuously variable from 
200-350 volts at maximum currents of 200-100 
mA. : 

@ Output change is less than +0.5% for + 10% 
input change. 

@ Output change from full load to no load is 

» —0.5%. 

@ Source impedance of 5 ohms. 

@ Both voltage and current meters incorporated. 

@ Suitable for operation on 100-130 and 200-250 
volts 50 c/s mains. 





a 
<Q Sr ABiLisep 
PowER SUPPLIES 





Fa 
inyMPIA-LONDON 
PON.30JUL.'S3 


STANDNS 2 C 


Type 776 


POSITIVE and negative stabilised direct 

voltages, positive and negative unstabilised 
direct voltages, and an unstabilised supply of 
6.3 volts are all provided by this Unit. Both 
voltage and current meters are included, and 
a meter switch enables any of the four direct 
outputs to be monitored. 


@ Stabilised positive output continuously vari- 
able from 200-350 volts at maximum currents 
of 200-100 mA. 

@ Positive output change is less than +0.5% 
for +10% input change. 

@ Stabilised negative output of 85 volts at 5 mA. 

@ Unstabilised positive output of 500 volts at 
200 mA. 


® Unstabilised negative output of 500 volts at 
3 mA. 

@ Suitable for operation on 100-130 and 200-250 
volts 50 c/s mains. 


Full details of these or any other Airmec Instruments will be forwarded gladly upon request. 


AIRMEC LIMITED 


HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
Telephone : High Wycombe 2060 Cables: Airmec, High Wycombe  jquauaaeeeel 
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Stourport II1. Telegrams: 


Stourport-ou-Severn, Worcestershire. Te! 
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@ GLASS FABRIC LAMINATES 





illustration of Radome we are at present producing. 





We are the leading producers of Glass Fabric Laminates in 
this country and specialise in the manufacture of these in 
various grades both as standard lines and to customer’s own 
specification. We will be pleased to advise you on a suit- 
able laminate for any application where strength and elec- 
trical or chemical resistance are of paramount importance.* 


THERMO-PLASTICS LTD. 


DUNSTABLE - BEDS. 
Telephone : DUNSTABLE 686/7/8 and 777 Telegrams : THERMOPLASTICS, DUNSTABLE 


MOULDERS AND FABRICATORS OF ALL PLASTIC MATERIALS 





an ee en ey Sa ae ee ” 

Specialists in Perspex fabrications, glass laminates and |! * For further details | 
bending of rubber to Perspex and metal, compression | please write for our | 
and injection mouldings in Bakelite, Urea, Formaldehyde, , ; 
Polythene, Polystyrene, Cellulose- Acetate, etc. y leaflets 1 
a: alll ie kde teh 
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Your first move... “~ 


FOR BETTER INSULATION 


se Bullers @ 


Makers of Low Loss Ceramics 

Made in Three Principal Materials — 

FREQUELEX PERMALEX TEMPLEX 

An insulating material of Low A High Permittivity Material. A Condenser material of medium 

Dielectric Loss, for Coil For the construction of Con- permittivity. For the construc- 

Formers, Aerial Insulators, densers of the smallest possible tion of Condensers having a 

Valve Holders, etc. dimensions. constant capacity at all} 
temperatures. 


BULLERS LIMITED, 6 Laurence Pountney Hill, London, E.C.4 


9 Phone : Mansion House 9971 (3 lines) Telegrams: “ Bullers, Cannon, London ’’. 
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nnouncing the NEW = Durychill F 


Seat sence 
TYPE P.300 Srasitist> Power Surety Unit 


: PP Abbreviated Specification 


STABILISED OUTPUTS 
Positive 
100-200v 100mA. Impedance 1.75 
200-300v 200mA. Impedance 3.002 
300-400v 100mA. Impedance 5.002 
Ripple ; 2mV. Stabilisation : less 
than 0.35V for 10% supply variation. 








Negative 
85V, 2mA. Impedance 3000 


UNSTABILISED OUTPUTS 


580V d.c. (nominal). Ripple 2V. 
6.3V 4A centre tapped & 6.3V 2A. a.c. 


All output circuits are isolated from 
earth and either the positive or 
negative terminals of the positive 
stabilised line can be earthed. The 
heater supples can be operated at 
up to 500v d.c. from earth. 





Fitted with an OVERLOAD CUT-OUT this model P.300 is attractively styled and finished, 
and has been specially designed to give 


LABORATORY PERFORMANCE at a MODERATE COST 


May we send you descriptive leaflet E.P. 653— 
also our new ‘Silver Jubilee’ Catalogue giving full details of the Furzehill 
Direct-coupled Cathode Ray Oscilloscopes 
Oscilloscope Cameras + Beat Frequency Oscillators 
Sensitive Valve Voltmeters * Diode Voltmeters 
Frequency Standards A.F. Attenuators 
High Dissipation Resistance Boxes 


erzehll LABORATORIES LTD. 


BOREHAM WOOD HERTFORDSHIRE ENGLAND 





Cables: Furzlab London Telephone : ELStree 3940 es 





Designers and Manufacturers of Precision Electronic Instruments since 1927 
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PRESSURE TRANSDUCER . 





TYPE 448 







NGuy, 
“Ongow? 


The type 448 transducers are intended 
for the measurement of steady and dynamic 
ail . pressures and are made in the range : 0-250 to 0-30,000 

WS \ ayy p.s.i. The Unit comprises a hollow cylinder around 
9 % SS which strain gauge resistance elements are wound. 

‘ .\ \ 
\ \ \) \\" 








J. LANGHAM THOMPSON LTD 


In addition to the Type 448 we have a wide range of trans- Revieginiit Lalanatietes 
ducers. Please write for full details. 
BUSHEY HEATH HERTFORDSHIRE 





Phone: BUSHEY BWEATM 2411 








Technical Control 


Close technical control of production is an all- 
important factor in the manufacture of Telcon 
Metals. Accurate tests and measurements are 
made at various stages in the course of production 
and the illustrations show two of the many routine 
examinations conducted in our well-equipped 
laboratories. 


















Routine Factory testing of Mumetal 
toroidal cores. 











Precision measurement of magnetic 
characteristics of toroidal Mumetal 
cores by the Ferrometer. 










MAGNETIC ALLOYS— Mumetal, Radiometal, H.C.R., 
Rhometal, Permendur, R2799, 36/64, Dust. 


RESISTANCE ALLOYS — Pyromic, Calomic, Telcuman, 
Telconstan, Telconal. 


SPECIAL ALLOYS — Thermostatic Bimetals 140, 400, 15, 
Telcoseal, Invar, Beryllium-Copper. 


The Telegraph Construction & Maintenance Co. Ltd 


Head Office : 22 Old Broad Street, London, E.C.2 
Telephone: LONdon Wall 7104 


Enquiries to: Telcon Works, Greenwich, London, S.E.10 
Telephone: GREenwich 3291 
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Back panel 
outer shell 


Breaker strip 
Tube entry 
Hinge screws 
Door latch 


Tongue plate 
and screws 


‘PRESTIK’ 


SEALING STRIP 


points to 
perfect sealing 


A special grade of ‘PRESTIK’ has been developed 

















ou fh WN 












for refrigerator sealing following ‘PRESTIK’S’ 
successful usage in many branches of the 
electrical industry, e.g. radio apparatus, 
washing machines and switchboxes. 


‘PRESTIK’ provides an easy and efficient means 
of sealing against moisture; it is non-corrosive 
and withstands extremes of temperature. 


‘PRESTIK’ and ‘BOSTIK’ together can provide 
the answers to your adhesive and sealing prob- 
lems. Call the ‘Bostik’ man for advice on the 
manner in which ‘PRESTIK’ and ‘BOSTIK’ pro- 
ducts can help you. 







manufactured by the sole proprietors : 


B. B. CHEMICAL CO. LTD 


ULVERSCROFT ROAD, LEICESTER 














AIR-SPACED ARTICULATED 


EOAXK cases 


offer a unique combination of 


W FRACTIONAL CAPACITANCE 


WY HIGH IMPEDANCE 
WwW MINIMUM ATTENUATION 


ALONG WITH 
W EXCEPTIONAL FLEXIBILITY 
&/ LIGHT WEIGHT 


38 STOCK TYPES 


FOR ANY OF YOUR STANDARD 
OR SPECIAL APPLICATIONS 


A few of the very low capacitance types are: 








Type No. Capacit. wu F/ft.| Impedance ohms O.D. 
C.44 4.1 252 1.03” 
C.4 4.6 229 1.03” 
C.33 4.8 220 0.64” 
C.3 5.4 197 0.64” 
C.22 5-5 184 0.44” 
C2 6.3 171 0.44” 
C.1I 6.3 173 0.36” 
C.I ye 150 0.36” 




















J/7N 
TRANSRADIO 
amount 


138, CROMWELL ROAD, LONDON, S.W.7 





SEALING STRIP 
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RAGOSINE 
CORE LOCKING 
COMPOUNDS 
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jp 
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for efficient locking 


Ragosine Core Locking Compounds have been specially 
designed for general core locking purposes in 
electronic assemblies and represent a definite advance 
over the usual rubber string, waxes, etc. Ragosine 
Core Locking Compounds give the following 
advantages :—I Ali grades are completely stable and will 
not harden, cause corrosion or support the 
growth of fungi in tropical climates. 
2 They will operate efficiently throughout 
all climatic temperatures, acting equally 
as well in Arctic as in Tropical 
conditions. 
3 Their use enables cores to be adjusted 
at any time with automatic re-locking 
without the necessity for further application 
of compound. 


These materials have now been tested extensively 
under all conditions and are already in production use 
with many major manufacturers in this country 

and abroad. Write for samples and details to : 


RAGOSINE OIL CO. LTD. 
IBEX HOUSE, MINORIES, LONDON, E.C.3 
MINERVA WORKS, WOODLESFORD, 
Nr. LEEDS 
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It’s small — yet 
completely 


RELIABLE 


The illustration shows the 5 amp 
fuse unit, and indicates the small 
and compact dimensions which 
render them ideally suitable for 
use in instruments where interior 
space is very restricted. Where 
vibration is experienced, the 
Slydlok positive contacts ensure 
perfect continuity. Cable con- 
nections available for every 
requirement and adaptable for 
the use of cartridge or neutral 
links. 


DICK 


THE VIBRATION PROOF FUSE 





Write for full details of this EDWARD 
and other fuses in the leoxX 
Slydlok range. 
& CO, LTD. 
WYTHENSHAWE MANCHESTER 
Telephone : WYThenshawe 2235/6/7 
Telegrams : “Slydliox’”’ Manchester 
dm EW 45. 
JULY 1953 
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GOODMANS VIBRATION 
GENERATORS ; 


Some typical applications 
= FATIGUE TESTING 


ELECTRICAL COMPONENT TESTING 
VALVE MICROPHONY TESTING / 




























TORSIONAL VIBRATION TESTING 

FLEXURE TESTING OF PLASTICS, ETC. 
MECHANICAL STRUCTURE TESTING / 
SPECIALISED GUIDED WEAPON RESEARCH / 
or wherever ACCURATE CONTROL OF / 
FREQUENCY AND AMPLITUDE is demanded f 


Illustrated are the Model 8/600 that 
develops a force of + 300 lbs and the 
midget Model with a force output of 
approximately + 2 lbs for optical-cell 
research and hairspring torque testing, etc. 


GOODMANS INDUSTRIES LTD: AXIOM WORKS * WEMBLEY - MIDDX - Phone : Wembiey 1200 (8 lines) 


fheceneenineeensies —eemee ninticaicpmiscetapiae 2s siesiantieneenttemniniinn 














* METER COVERS 


The items illustrated show 
only a few of the electrical 
components manufactured 
by us for the electrical 
trade in our self-contained 
factory. We manufacture 
our own Press Tools ; 
Fabrications, Spinnings, As- 
semblies, and are able to 
undertake all kinds of metal 
finishes. 


IMPELLERS - LAMINATIONS 






| 3 icall 
ADAMS BROS. & BURNLEY LTD. Se 
Elmgrove Road » Harrow ° Middlesex pro duced with 
Telephone : Harrow 6411 (5 lines) Multi-tool set up 


INSTRUMENT PANELS MOTOR HOUSINGS MICROPHONE COMPONENTS 
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eLECTRo 
METHODS 


og Q key, 


—the first name for 
precision 


Re LEYS 


GENERAL-PURPOSE : TIME-DELAY 
MERCURY : HEAVY-DUTY 


Ae 0 BOL OTRAS we. 8 O84.) a. 4 8- 2. 6 9 Se 2 6.4 8 


ELECTRO METHODS LTD., Division Ri, 
CAXTON WAY, STEVENAGE, HERTS. Telephone: Stevenage 780 





Most types available for 
PROMPT DELIVERY 


Complete technical data of our extensive 
range of standard relays will be forwarded on 
request. The unrivalled experience of our 
technicans is at all times at your disposal. 


If you have a relay problem it will pay you 
to consult us. 


SPECIALISTS IN THE MANUFACTURE OF RELAYS, THERMOSTATS, MAGNETIC AMPLIFIERS 
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You may not keep Boffins in your files 
against a sudden need for extra technical 
assistance, but you have them handy, all 
the same. A letter, or even a ’phone call, 
will summon them at once. 

Nash and Thompson have, for more 
than ten years, been rendering a service 
to manufacturers who occasionally need 
technological help. Because Nash and 
Thompson have been consulted by so 
many manufacturers they have a wide 
experience of the unusual problem. The 
staff is fully qualified in chemistry, physics, 
electronics and production engineering, 
and their service covers :— Designing and 
making instruments for special purposes, 
Consultancy onscientific problems, Funda- 
mental research, Making-up of prototypes 
and mock-ups, Precision manufacture of 
small components, Routine analysis of 
materials, 





Nash and Thompson 


Limited The service is fully described in a booklet which also 
catalogues a standard range of instruments, A copy 
Oakcroft Road, Tolworth, Surrey. ELMbridge 5252 __ will be sent on request. 











fidelity at all speeds 
uniformity within + 0°5 db 


Two features of this plastic backed, medium 
coercivity tape which makes it an essential factor 
in high quality tape recording. ‘Scotch Boy’ is 
now made in 6 reel sizes offering a wide range of 
playing times for private or professional use, with 
all makes of tape recorders. Used by the BBC. 


Magnetic Data 
Coercivity 250 Oersteds. 
1” 


Total Remanent Flux 0.4/0-5 lines }” width. 
Uniformity within a reel + 0-5 d.b. 


Frequency Range 
50 c/s to 10 kc/s at a playing speed of 7} in/sec. 


ANOTHER ED PRODUCT 


Write for further particulars to: 
MINNESOTA MINING & MANUFACTURING CO. LTD 
167 STRAND, LONDON, W.C.2 TEMple Bar 6363 
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RANGES 


RESISTANCE 
A.C. & D.C. 


0.3 ohms to 
3 megohms 


CONDUCTANCE 


0.3 micromhos 
to 3 mhos 


ACCURACY 
I per cent 





SULLIVAN-GRIFFITHS 


PORTABLE UNIVERSAL AC-DC BRIDGE TESTER 


FOR 


RESISTANCE, INDUCTANCE, 





LIMITED 


LONDON, S.E.15 


Telephone : New Cross 3225 (P.B.X.) 


DIRECT READING MEASUREMENTS OF 


CAPACITANCE AND CONDUCTANCE 


IN 


List No. AC900—Universal AC-DC Bridge Tester (with 


H. W. SULLIVAN silat sar, 


List No. AC90I—Simple model for 
capacitance, resistance 


AC measurement 


and conductance 


only (also with self-contained source). 


CAPACITANCE 
30 pF to 30 uF 


30 pH to 30 H 


ACCURACY 
I per cent 


RANGES 


DUCTANCE 














DAWE 


SE EE LIT SP LEMONT ETE Td 


A spe 


TYPE 622: 50 kc/s to 75 Mc/s 
TYPE 623: 25Mc/s to 200 Mc/s 


cial model (Type 620) for 


to 25 Mc/s, is also available 


Technical data from: 


130 UXBRIDGE ROAD, HANWELL, LONDON, W.7 - 


Q METERS 


Instruments for the 
determination of ‘Q’” and 
relative R.F. measurements 

by resonance methods 


routine workshop use, range 100 kc/s 


DAWE INSTRUMENTS LTD., Instrument 


or from your Regional Agent 


Division, 


EALING 6215 











Midlands North of England Cheshire Scotland West of er 
Hawnt & Co., Led., A. C. Farnell, Led., F. C, Robinson & Ptnrs., Ltd., Land, Speight & Co., Led., | A. H. Radford, A.M.I.E.E., 
59, Moor Street, 15, Park Place, 287, Deansgate, 73, Robertson Street, 4, Acraman’s Road, 
Birmingham, 4 Leeds, |! Manchester, 3 Glasgow, C.2 Bristol, 3 

Central 6871 Leeds 32958 Deansgate 660! Central 1082 Bristol 64300 














% See our Stand No. 3A, 


ELECTRONIC 


ENGINEERING 


at the British Instrument Industries’ Exhibition, 


58 


Olympia, 30 J 


une — I! July 
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THE LATESTIN A/GA SAEED RECORDING 


Instantly... 


athe op 


Accurate and in- %,. 


stantaneous and 
with fixed stylus! 







there are no problems of Jag jor 

attenuation. All wave forms, including square 
waves, are accuratelyand immediately rep roduced 
— even thousands of cycles per second — and 

all with the utmost simplicity. 


Compare this with time-consuming and 
costly photo-records ! 


* With this unique method, &. 4 an d 


Write for information to: 








Grams. Garrard units are also obtainable 
for installation in existing single speed 
instruments 





WiiWii Record Playing Units are used by the leading 
manufacturers in the World’s finest Radio 


REPLACEMENT 


ee ad {ute 


RECORD CHANGER 






Garrard have issued 
to the Retail Trade these 
delightful show stands, 

which will greatly assist 

the sale of the new automatic 
record changer units. 







These show stands accommodate either the 
RC. 75A or the RC. 80 units. Write today 
for full details of this and other free point- 
of-sale materials, to :— 








THE GARRARD ENGINEERING AND MANUFACTURING CO. LTD. SWINDON WILTS. 
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2) IN 


DUNLOP 


STATIGUN 


FOR THE MEASUREMENT OF 
ELECTROSTATIC CHARGES 


A self-contained battery operated instrument for the direct 
indication of voltage gradient: reads on three ranges with 
full scale values of 2 kilovolts per foot to 200 kilovolts per 
foot. 


In use it is pointed at the charged surface and if necessary 
adjusted for range. 


It will indicate if the charge is positive or negative. 


OF PARTICULAR APPLICATION TO ALL PROCESSES 
IN WHICH ELECTROSTATIC CHARGES ARE _ DE- 
VELOPED AND MAY BE A NUISANCE OR SOURCE OF 
DANGER. 


It will also measure charge and resistance to earth with extra 
accessories. Weight 34 Ib. 


Write for Leaflet E.E. 123 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone: Dartford 2989 & 2980 














BERCO y. re al! i Voltage Control Equipment 


o 
BERCO/B.P.T. voltage regulating and stabilising equipment is designed 
to afford a constant supply voltage to industrial scientific and electro-medical . 
apparatus —and to all other electrical equipment which is normally sensitive e 
to voltage fluctuation. Standardised sizes and ratings in single, » 


three phase, hand operated and motor driven models meet ® 





most requirements but special designs can be made e 
© 





© where necessary. Complete details and 


Applications apply ‘ . < e 
to induction heating © Obligation. Please write for % 


equipment, electric ® booklet 5091. 


specifications obtainable without » 


furnace control, radio bd 
and scientific equipment, « e 
process control, chemical bd 
analysis, X-ray and electro- e 
medical apparatus, meter test- e Ld 
ing equipment, and wherever a 
process depends on a constant e ae : 
, and operated 
supply voltage. A © e BERCO “Revavolt” 
. . (single phase). 
& 
e « 





hes | THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
. BRITISH POWER TRANSFORMER CO. LTD. 








30 KVA three phase 

lade aie amenttc Queensway * Ponders End * Middlesex 

regulator. e Telephone: HOWard 1492 Telegrams: ‘‘Vitrohm, Enfield”’ 
* BR/BP5091/TH Fea 
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YGNET 


LABORATORY FURNITURE 


*““CYGNET”’ Benches, with}heat and acid- 
resisting tops; Racks, Fume Cupboards, Cab- 
inets and Shelving are made in a large range 
of standard units or to specification. Com- 
plete installations or single pieces for 
Electronic, Chemical, Physical and other 
laboratories at keen prices. 


Built to meet the most exacting demands 








CYGNET JOINERY LTD. 


HIGHER SWAN LANE, BOLTON 
Bolton 1840/4 
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It isn’t a magic key or 
anything like that. It just 
so happens that we have 
been called in on so many 
tricky questions over the 
last thirty years that we 
now know the answer to 
most of them. Wouldn’t it 
be a good idea to see us 
about your new project ? 


ESTABLISHED 1919 A.1.D. APPROVED 





LEAVE /T TQ 


lewis 
OF REDDITCH 
















The Lewis Spring Co. Ltd., 


Resilient Works, Redditch. 
Tel. : Redditch 720/1/2 


London Office : 321 High Holborn, W.C.1 
Tel. : Holborn 7479 and 7470 





PHILIPS 
puede... 





PR 9230 L.F. Accelerometer 


features — 


1. Frequency response 0-35 c/s. 
2. Maximum acceleration 15 g. 
3. Gauge element sensitivity .01% per g. 
4. Maximum temperature for operation 60°C. 


5. Static calibration possible for 2 g. 


INDUSTRIAL X-RAY EQUIPMENT * ELECTRONIC APPARATUS PH ; Li PS i LE CTR ; CAL TD 
LAMPS AND LIGHTING EQUIPMENT - ARC AND RESISTANCE e 


WELDING PLANT AND ELECTRODES - MAGNETIC FILTERS INDUSTRIAL DEPARTMENT 
BATTERY CHARGERS AND RECTIFIERS - H.F. HEATING 
GENERATORS * RADIO & TELEVISION RECEIVERS CENTURY HOUSE - SHAFTESBURY AVENUE «+ LONDON W.C.2 





(P1299) 


ELECTRONIC ENGINEERING 62 JULY 1953 








You 
del 
“De 


per 
the 
mol 
will 
free 
diti 
spe 
To ¢ 
fect 
sha 


Th 


~ 
| | 


= | | 























= = & oe = we 
aa my aoe =e 


You can now avoid the slightest risk that 
delicate electronic instruments will be Th 
“Damaged in Transit”. HAIRLOK, which is | he sh ape 
a new form of resilient packing, ensures , . 
perfect protection because it is moulded to fit . e 
the shape of the product exactly. It can be of thing S 
moulded as hard or as light as required and t ‘ 
6) | ® e e o 
















will withstand any shock load including low 
frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is ‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 


ce / 























THE 
IDDESLEIGH HOUSE, CAXTON STREET, LONDON, S.W.I. TELEPHONE: ABBEY 6722. 
[se MEN dont seem To understand 
the importance of the welfare side from 
THE WOMAN’S ANGLE. 

By the simple depression of a lever THE BARRYWALD 

SANITARY INCINERATOR will automatically and 

effectively destroy sanitary towels, surgical dressings, docu- 

ments, etc., solving a vital and major welfare problem in 

FACTORIES, OFFICES, INSTITUTIONS, etc. 

Fs 
A The only Incinerator incorporating our Patented 
Safety Devices. 
BARRYWALD 
Safety 
Automatic Incinerator 
PAT. Nos. : 555062-621085 & CORRESPONDING FOREIGN PATENTS 
Supplied to :-— ECONOMICAL 

Admiralty Edison Swan Electric Co. Ltd. EFFICIENT 
Argosy Radiovision Ltd. Metropolitan Police FOOLPROOF Awarded the Certificate of the Royal 
Air Ministry English Electric Ltd. INDISPENSABLE _einstitute of Public Health and Hygiene. 
B.E.A. J. Gerrard & Son, Ltd. 
Chloride Batteries Ltd. Post Office Telephones 
A.C. Cossor Ltd. G.E.C. Ltd., etc. 
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High wile a rates 
recording instruments 


* Trolley or ta . 

* Visual or recording 

% Specialised F.M. and D.C. 
Amplifiers 





%* Pick-ups oa measuring - 
Avocet gh =) = aia 


MEiS single-channel recorder 


with built-in camera 


Please “re for New 


SOUTHERN INSTRUMENTS LIMITED 
HAWLEY * CAMBERLEY «= SURREY 


Telephone: Camberley 1883-4. Telegraphic Address: ‘‘ Minrak, Camberley, England ”’ = 

















STEATITE | 





for all high 


frequency applications 








Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine timits 


WILLIAM SUGG & COMPANY LIMITED 
Bw esssansren RANELAGH WORKS, CHAPTER STREET, WESTMINSTER, S.W.I. VICtoria 3211 








RI 
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Redifon have several vacancies for develop- 






ment and production engineers. Radio 
Engineers with an eye to the future are invited 
to write in confidence to:—Sales Director, 


REDIFON LTD., BROOMHILL RD., LONDON, S.W.18 


REDIFON—THE COMPANY WITH A FUTURE 














OSCILLATOR 


by RIVLIN INSTRUMENTS 


The exceptionally wide range of frequencies covered by the 
Rivlin A.F. Oscillator Model A.O.1 makes it ideal as a 
general-purpose instrument for use in laboratories con- 
cerned with audio frequency measurements, wide-band 
amplifiers, ultrasonics, etc. The circuit employed possesses 
the wide range of a beat-frequency oscillator, retaining at the 
same time the inherently high stability of a resistance- 
capacity type. Adequate filtering and the application of 
negative feed-back ensure low distortion and hum level. ~ 











@ MODEL A.O.! Range 15 c.p.s.—500 k.c.s. The range of Model A.O.1 extends from 15 c.p.s. to 500 
k.c.s. Another model, Model A.O.2, is available, ranging 
@ MODELA.O.2 Range 20 c.p.s.—20 k.c.s. from 20 to 20,000 c.p.s. Both are robustly constructed and 


can be used in their cases, or rack mounted as desired. 


@ OUTPUT—BOTH MODELS 25V_ open 
circuit. Low source impedance. 10V. into 
608 haere Re me mm ‘ 20 db to Descriptive _ literature 
into onms. onitored on ” meter. 7 
calibrated 0-25V, 0--10V. 0-20 dbt will gladly be forwarded 
on request to Dept. 5 


Telephone : 


RIVLIN INSTRUMENTS LTD., 7A, Maitland Park Villas, London, N.W.3. GULliver 2960 
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MELT-ESI 
No. 2 


The lowest melting range silver solder on 
the market with high strength and durability 


Y.FLUX 


Excellent for 


HIGH FREQUENCY 
BRAZING 


PSHUFRELD SMELTING CO.LTD. 











BIRMINGHAM SHEFFIELD LONDON 











INSULATED 
WIRES 


EUREKA & VACROM 


REGD. REGD. 
(CUPRO-NICKEL) (NICKEL-CHROME) 
* Eureka’ (Regd.) and ‘ Vacrom’ (Regd.) Resistance Wires can be supplied BARE or 
with STANDARD COVERINGS of cotton, silk, rayon, enamel and glass. 


These wires have been used for many years for winding resistances for instruments, 
control apparatus, etc. 


* Eureka’ with its low temperature coefficient is always in demand for precision work, 
while Nickel-Chromes are used where a high resistance is required in a limited space. 


Full details gladly supplied upon request 


THE LONDON ELECTRIC WIRE COMPANY VACTITE WIRE COMPANY LTD. 


AND SMITHS, LIMITED 75 ST.SIMON STREET, 
LEYTON, LONDON, E.10 SALFORD 3,LANCS. 
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SELENIUM 
& G.C. RECTIFIERS 


Full particulars of theG.E.C. 
range of Selenium Rectifiers 


are available on application 
to your nearest G.E.C. 
Branch; E.S. & V. Depart- 
ment, Magnet House, Kings- 
way, London, W.C.2: or 
the address below : 


LOW FIRST COST MAXIMUM STABILITY LONG LIFE 
HIGH EFFICIENCY Yam NO MAINTENANCE COOL RUNNING 


SALFORD 3: LANCS 


OF ENGLAND 








Valveless vacuum systems afford 
-maximum simplicity for rapid 
production systems such as C.R.T. 
pumping, but frequent rough 
pumping through the hot vapour 
pump causes its operating fluid to 
be carried over as mist into the 
backing system, resulting in waste 
and lost production time. 


EDWARDS have solved this problem 
by introducing an ingeniously simple and 
highly effective FLUID ECONOMISER—a device 
designed to recover and return the greater part of 
the exhaust mist back to the vapour pump. 






This compact device is equally valuable to combat 
mist loss following from large leakage or breakage. 





fi 
ECONOMISER. 


203 PERFORMANCE 


A ie ti Fil SE 





























Speed ih x ; j 
Vacuum Bore Size ; \ 
i Stages : Lm @ $3 
mm. Hg. in. Unbaffled Baffled . Be > ol e 
ut e ogee : > —— 
5x 10-* 2 70—80 50—55 3 eer ee a 
eee ee \ 














Jor better vacuyym service...W. EDWARDS 
& CO.. (LONDON) LTD. 
LOWER SYDENHAM. LONDON. S.E.26. 





TELEPHONE : SYDENHAM 7026 (8 LINES) TELEGRAMS: E®COHIVAC, SOUPHONE, LONDON 
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FROM NUMBER WHEELS TO COUNTERS 


We specialise in the manufacture of Counters for every Industrial 
application. Number Wheels and Pinions injection moulded 

in tin alloys or plastics for use in direct reading Electricity, 

Gas, Water Meters, Telephone Registers, Taximeters, 
etc., are also available. 










Details of our full range of 
Counters will be forwarded upon 
request. 





Details of Number Wheels 
and Pinions on request. 





@) COUNTING INSTRUMENTS LTD. (@y 





5, ELSTREE WAY, BOREHAM WOOD, HERTFORDSHIRE Telephone: ELSTREE 1382-3-4. 





BRANDENBERG rapio_ FREQUENCY 
HIGH VOLTAGE EQUIPMENT 


| kV to 120 kV D.C. 


CONTINUOUSLY VARIABLE or PRESET, 
POSITIVE, NEGATIVE or REVERSIBLE 
STANDARD STABILITY 1% or 2%. 








HIGHLY STABLE SUPPLIES MADE ig 
TO ORDER. QUOTATIONS TO TYPE S 220 2-20 kV. 


CUSTOMERS’ SPECIFICATIONS. Continuously variable at | mA Positive or 
Negative. Stabilised to better than 1% 
PRICE LIST SENT ON REQUEST. against load and input variations. 


Size : 214” x 133” x 10}” high. Weight 60 Ibs. 


THESE PRODUCTS OF OUR LATEST RESEARCH OFFER THE 
MOST EFFICIENT, ECONOMICAL, LIGHTWEIGHT, NON-LETHAL 
SUPPLIES AVAILABLE TODAY FOR INDUSTRY AND SCIENCE. 


BRANDENBERG DESIGNS LTD., 196 DAWES ROAD, LONDON, S.W.6, — Futham 1534 
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JOSEPH SANKEY & SONS LTD. 


LONDON OFFICE:—168, REGENT STREET, LONDON, W.1}. 





Manufacturers of all types of 


SCIENTIFIG INSTRUMENT GASES 


and CHASSIS 
in METAL 





GENERAL SHEET METAL WORK 
for the Trade 


RODUCTS 
LID 


HASE 


27 PACKINGTON RD., SOUTH ACTON, W.3 
Acorn |153-4 é and at LEEDS 
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BILSTON 
STAFFS 











Dept. E.E. 


18 TOTTENHAM 

COURT ROAD, 
LONDON, W.lI. 
RELAYS ua/. Tel.: MUSeum 2453/4539 


Late ALEC DAVIS SUPPLIES LTD. 


RELAYS 


D.C. COIL RESISTANCE 


Business Hours: 


Monday - Friday 9—5.30 
Saturday 9—I/ 






3,000 TYPES : 1.99 to 80,0000 
600 TYPES : 0.492 to 9,200. 


ALSO LARGE STOCKS OF 
DOUBLE & TRIPLEWOUND 
AND SLUGGED COILS. 


CONTACTS 


3,000 TYPES : up to 8 sets. 
600 TYPES : up to 4 sets. 
3,000 TYPES: Make (M), Break (B), 
in Twin - silver, Twin - platinum, 
Dome-silver (2 amp.), Tungsten 
(5 amp.), and Flat-silver (8 amp.). 
Change-over (C), in all but 
Tungsten; Make-Before-Break (K), in 
Twin-silver and Twin-platinum. 


600 TYPES: (M), (B) and (C), in 
Twin-silver and Twin-platinum. 


SPECIAL 
High resistance slugged coils (up to 
10,000 OHMS with |” slug) now 
available. 


Vig ANY 


600 or 3,000 GALA Y 
TYPE > * 
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FIXED CONDENSERS 
OF ALL TYPES 


Both Paper & Mica 









Large stocks available 
for immediate delivery. 
Your specific enquiries, 
giving full details, will 
receive immediate 
attention. Our prices 


show substantial savings. 


CLAUDE LTD. 


LYONS 


Electrical & Radio Laboratory Apparatus 
180 Tottenham Court Rd., London, W.!. Tel. MUSeum 3025 








SPIRALS 
BEVELS 


8-100 D.P 


STATION ROAD 
BROOKMANS PARK, HERTS. 
Tel:- HATFIELD 3130 








POWER SUPPLY UNITS 


PRICES REDUCED 








SERIES 100 
DC Output, Stabilised, 200-350V 120mA and continuously 
variable. 
AC Output, Unstabilised 0-4-6.3V 3.0A. 
100A Bench Model, as illustrated... cus, ae 
100AR Rack Mounting Model sas . 


Delivery ex-stock. 


Available with negative bias supply at £58 and £59. 


Power Supply Units and other special electronic equipment 
made to customers’ specifications. 


Pamphlet and full particulars from 


HARVEY ELECTRONICS LTD. 


Precision Mechanical and Electrical Engineers 
273, Farnborough Road, Farnborough, Hampshire. 
Telephone: FARNBOROUGH 1120 









Specialists in Prototype and 
Production Electronic Equipment. 
Expert advice is available for 
problems calling for “‘One or two 
off” jobs up to quantity orders 
We will prepare to customers’ speci- 
fications or design complete units. 
Applications are wide and varied but 
some interesting recent developments 
include Electronic Timers for auto- 
matically compensating load- 
shedding effects on n welding lant. 
Demagnetizers for me = 
Electronic noise detect 
ae detection devices fee the Food 
nd 
Photogsaphic high-speed ash units. 










EVANS 
ELECTRONIC 
DEVELOPMENTS 
LIMITED 


Evonic Works, 
Birchfield Road, 
Birmingham 19. 


Tel. NORthern 0792 
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FRACTIONAL H.P. MOTOR UNITS 
THE DRAYTON R.Q. is a miniature capacitor induc- 


tion type motor with a current consumption at 230 volts, 
50 cycles of 0.09 amps pf. 0.9. It is available : 













| RQH GEARED 


: For high final shaft 
? speeds for continu- 
? ous or intermittent 
: running, forward or 
: reverse. 


r.p.m. continuously : 
or intermittently in : 
either direction or : 
continuously re- ? 
versed, : 


RQR GEARED 


For continuous or 
intermittent running 
or reversing at speeds 
from 27 mins. per 
rev. to 600 revs. per 
min., with or with- 
out self- switching up 
to 2 1/3 r.p.m. 








For actuating valves, dampers, rheostats, geneva movements, 
rocking baths, flashing signs, illuminated models, soldering and 
welding fixtures, rotating tables, automatic light strip feed, lubri- 
cating and other small pumps, small machines, animated displays, 
vibrators, developing baths, agitators, fans, aspirators, etc. 


Send for List No. M 302-1 
Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex 





ACCESSORIES 


CTRONIC 
ANUFACTURER! 








DONOVAN 
FOR THE ELE 
APPARATUS M 





TYPE 5.96 TERMINAL — 
Made in 15, 30 and 60 amp- sizes. 











US BUTTON UNIT 
nting OF 


au ac. POWER 


7 
ver with N.O. 


or N.C. contacts. 


E Type €.30P 
arranged at: 


ustomers "own cover plate. 
c 


THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works - Stechford + Birmingham 9 


RQG GEARLESS | 


Running at 2,700 i 








New Monographs on 


Television 
Receiver Design 
in Philips Valve Series 





Villa. I. F. Stages (urTJENs) 
The application of the pentode in the I.F. part of a super- 
heterodyne receiver and the R.F. amplification in a direct 
receiver, With 114 illus. Ready. 21s. (post 6d.) 


VIIIb. Flywheel Synchronisation of Saw-Tooth Generators 
(NEETESON) 


Flywheel action of resonant circuits, automatic phase 
control, etc. With 137 illus. August 21s. (post 6d.) 


KERKHOF & WERNER’S 
TELEVISION 


“ The first really comprehensive television text-book.” — 
Electrical Review. ‘*‘ Can be recommended for its thorough 
and accurate treatment of up-to-date techniques.—Science 
Progress. Foreword by Geoffrey Parr, M.I.E.E. 450 
370 figs., 30 plates. Post Free 


di 


MAGNETIC RELAYS 


Built to your 
Specification 


Philips Technical Library Distributors 
CLEAVER-HUME PRESS LTD. 
London : 42a South Audley Street, W.1. 














TYPES 3000 and 600 
HIGH SPEED and A.C. to 400 VOLTS 


UNISELECTOR 
SWITCHES 


From 3 to 8 Bank — All Resistances 





KEY SWITCHES 


Several types 
in stock 





per neirengaraer eeek 


» JACK DAVIS (RELAYS) LD. 


% 
36 PERCY STREET - LONDON : - 
§ 


AM? 


§ MUSEUM 7960 LANGHAM 4821 
DPUPLDPPUPAPAAUAAAUAWAVOMVWOWONM? 
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which gives complete 
details of the wide 
range of resistance 
materials including 
stainless steel 
which we draw 


into wire as fine 





as .0005” 


TOPHET =" 


Manufactured by GILBY-BRUNTON LTD. 
Head Office & Works: Seamill, Musselburgh, Scotland. 
Musselburgh 2369. 


London Office: 47, Whitehall, S.W.1. WHltehall 6058. 








REDUCE YOUR 
PRESS TOOL COSTS 









THE HUNTON UNIVERSAL BOLSTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESSES 








Bolster Frame with 


2 adjustable gauges 
and insertable steel 
Holders for Dies 
4 in. to 32 in. bore 
diameter. 





y positive-action 


7, Strippers take the 
“complete range of 


Two Punch Holders 
with detachable 







Punches 4% in. to 
3% in. diameter. 


Equip your Press with the 

Hunton Outfit and use inexpensive 
standardised Punches and Dies 3} in. to 3} in. diameter 
obtainable from stock—in .. in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in. long), Corner 
Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc. 
Get the outfit now—Buy oe Dies and tools as you need 

em 


Descriptive brochure and prices on request 


HUNTON LIMITED 


Pheenix Works, 114-116, Euston Road, London, W.W.! 
Telephone : Euston 1477 Telegrams : Untonexh, London 

















have you considered 


BELT ? 











On the ‘Mauretania’ and the two ‘Queens’, on railway systems 
throughout the world, certainly in your own car, Cooper’s 
felt is proving an invaluable material for a surprising number 
of purposes. Have you considered felt? One of Cooper’s 
experts will be happy to answer any questions. 


COOPERS 
Ei 


Please send all enquiries to Head Office and Works: 


COOPER & CO. (B’ham) Ltd. 
BRYNMAWR, BRECONSHIRE 
Tel.: Brynmawr 312 Telegrams: Felting Brynmawr 


Registered Office & Works: Little King Street, Birmingham, 19 














Quantity production of small automatically made pieces in 
Steatite, Porcelain, and Rutile materials for electric cooking 
and heating i and tel i 











GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 
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TRADE S 


simple. 


watt—oval tapered bit. 





N. 


ELECTRIC 
SOLDERING IRONS 


Solons save time, reduce costs. 
Solon soldering is always clean, reliable, and 
Five models, in voltage range 100- 
250, each with 6 feet Henley flexible. 65 
watt—oval tapered or round pencil bits. 
watt—oval tapered or round pencil bits. 


125 
240 


Write for Folder Y.10 





51-53 HATTON GARDEN, LONDON, E.C.I 


W.T. HENLEY’S TELEGRAPH WORKS CO.LTD. 











The LATEST 


NOTE THESE OUTSTANDING FEATURES. 

@ Twin track recording with uniform 
response. 

@ High play-back level and low noise 
component. 

@ Lightweight precision balanced spool. 

@ Ferrovoice spools keep wear, tear 
and rotation noise to a minimum. 








and 


IMPROVED TAPE |. 


= 


For all popular tape recording machines. Ps 


Specially wound on trans- | 


parent perfectly balanced 


plastic spools which fit all | 


popular types of tape re 


corders. FERROVOICE | 


improves the performance 
of all recorders. Provides 


.s twin-track recording of 
the highest standards of | 


quality and faithfulness. | 
Tape wear and rotation | 


noises are reduced to the 
minimum. Ferrovoice 
gives the highest standards 
of recording and repro- 
duction. 


Technical features:—Tape 


width 0.247 in. +0.001 in. 
Medium coercivity — ease 
of erasure—frequency re- 
sponse 50 c/s to 10 Ke/s 
at 7} in. per sec. Length 
of tape 1,200 feet. Spool 
7” diam. 





rate reuiat eee You wile wltirealeey de 





LONDON swWi. 


MAGNETIC COATINGS LTD, 38 GROSVENOR GARDENS 


*Phone S$LOane 9129 
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a Specialists mn 
, INSTRUMENT 
PRESSINGS 


At The Hampton Works we 
prove that there are un- 
limited possibilities with 

presswork—especially in 
the production of small 
parts for the Electronic 
and Electrical industries. 
Our claim as master 
craftsmen in pressings 
is your assurance of 
complete _ satisfac- 
tion. Every order is 
handled with ex- 
treme care and 
given prompt 
attention. We 
welcome your 
enquiry. 


Me HAM PTON Werte 


M PIN LIM ITED 


TW TENG Bie aa, 8 capi onieny pIRMINGHAM ENGLAND 
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We are pioneers in rubber dariet Harvorsugs 


Old Grammar Schoo! 
Erected 1614 
i 


technology and our technical 
staff are always pleased to help 
and advise you on your special 
‘needs in moulded rubbers. 





THE HARBORO’ RUBBER CO. LTD. 


| Tel. 2274-5. 


| Market Harborough. 


| i MM 
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INFORMATION 
THEORY se 


word in ‘‘Castle’’ 
Engineering. We're 
uncommonly particular 
about it in everything we do—even 
down toa limit of .0002-in. That way 
we have built up a long list of 
Y ery satisfied customers. If you 
need Repetition 
Work—in all 
metals— 
A guide to the theory on which modern Machining 
developments in “pesmaeeyaeny ser oe | and Light Assemblies, we 
automatic control systems are based. The : 
author gives the sain of the latest work wi Gey sow you wink 
in this field and discusses its practical we mean by 
applications. Difficult mathematical absolute 
proofs are avoided, and the book is accuracy. 
suitable for telecommunications engin- 
eers and students at an Honours degree 
level in physics or electrical engineering. 
20/- net. 

















and its 


Engineering Applications 


By D. A. Bell, M.A., B.Sc.Oxon.), 
M.LE.E.; Reader in Electromagnetism 
in the University of Birmingham. 












Brochure on request. 
The 


CASTLE ENGINEERING 


Company (Nottingham) Ltd 


PITMAN 


Parker St., Kingsway, London, W.C.2 eerste ls ame, eee Reese 








A NEW LABORATORY 


for the design and development of 
R.A.D.I.A.C. instruments is being 
formed at ERITH by the VIDOR/ 
BURNDEPT GROUP, who _ offer 
vacancies in the following grades :— 





ELECTRICAL ENGINEERS to undertake 


As eco egas id oie. design and development of electronic equip- 

oe ASTI ment. These are senior and responsible 

MOULDINGS, we specialise : : : 

in the requirements of the posts. Only applicants with good academic 

Electrical and Radio trades qualifications and sound practical 

for such items as control experience will be considered. 

knobs, insulators and many 

other components. Our 

prices are competitive and MECHANICAL DESIGNERS and 

regen Ag ? a May DRAUGHTSMEN to work closely with 
q Siak the above on original design of nucleonic 








Established 1928 instruments. 


| The above are foundation posts and present 
HARRISON BROS 


em tn first-class progressive opportunities. Salaries in 
[PLASTIC SS! Limite oO | ° ° . . 
eriemias : | accordance with qualifications, experience and age. 


39-43, BRANSTON ST- BIRMINGHAM 18 _ Apply in writing to PERSONNEL MANAGER, 


re | WEST STREET, ERITH, KENT. 


Telegrams : | 
COLmore 4270 *“* ARISUN, Phone, Birmingham ”’ | 
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GD.071 





VD.07| 














QUALITY COMPONENTS 


for the Electronic and Instrument Industries 


Constanta High Stability Resistors 
(Stability and tolerance from + 0.5% to + 10%) 


Constanta Carbon Potentiometers 


Winkler Precision Multiway Switches 
(Up to 30-ways per bank and up to I6 banks, | to 3 poles) 


Winkler Key Switches 
(Up to 8 change-over switches in one unit of small | 
dimensions) | 
| 





Wire-wound Potentiometers 
(4 watt to 250 watts) 


Ganged Carbon Potentiometers 
Vitreous Wire-wound Resistors 
Heavy Duty Multiway Switches 
Miniature Mass Type Resistors 


G. A. STANLEY PALMER 


A.R.Ae.S. 
Maxwell House, Arundel Street, 
LONDON, W.C.2. 


Phone: TEMple Bar 1610 








SCREENED 
CONNECTORS 


for cables of 0.2” to 1.03”0.D. 
Single and multi-way types. 
Special types fitted with coupling rings. 
Cable joining connectors. 
U.S. Type Connectors as illustrated. 














CABLE : CODE 
0.D. ayes NO. 
0.41” Straight plug |Gp.071 
0.25” Reducing adaptor RD.07/05 
0.2” Reducing adaptor RD.07/03 

fits on ) 

ean Elbow plug adaptor Lp.071 

vp.071 | 

* On )| Bulkhead (Junction) vp.071 

Lp.071 } adaptor 

fits on ) 

Gp.071 Chassis receptacle cp.071 

Lp.071 ) 











Other Transradio specialised products: | 

CO-AX air-spaced articulated 
Very Low Loss Cables. 

Microdual Two-speed Precision Drives. 


, TRANSRADIO up 


1384 CROMWELL ROAD, LONDON, SW7, ENGLAND 
Telephone: FREmantle 4421 (P.B.X.) 











RD.07/05 * 
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EACH REEL HOLDS 
15 FT. CORED SOLDER 


TRIGGER ACTION FEED 


PERFECT CONTROL FOR SMALL 
ASSEMBLY AND JOINTING WORK 


FINELY BALANCED WITH 
EASY-GRIP PLASTIC HANDLE 


RAPID, CONSTANT HEAT 


HEAT CONCENTRATED 
AT WORKING POINT 
LOW CURRENT CONSUMPTION 


Wolf Solderguns and Soldering lrons 
available for all work from fine 
instrument to heavy industrial duty. 


TYPE 5! 


Supplied complete with 
15 ft. reel of acid cored 
solder, spare 15 ft. resin 
cored solder and fitted 
with 5 ft. tough rubber 
3-core cable. Finished in 
heavy chrome. 


Obtainable from all leading 
tool merchants and factors. 


WOLF ELECTRIC TOOLS LTD. 
PIONEER WORKS, HANGER LANE, LONDON, W.5 
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Quartz Crystals of any shape and size cut and 

ground precisely to specification and coated, if 

‘required, with Gold, Silver, Aluminium or 
Rhodium, etc. 


Brookes CrystAts LtTp. 


Suppliers to Ministry of Supply, Home Office, etc. 
10, STOCKWELL STREET, GREENWICH, LONDON, S.E.10 
Phone: Greenwich 1828 
Grams: Xtals Green, London. Cables: Xtals, London 
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SCALAMP 
VOLTMETER 





This instrument intro- 
duces a completely new 
conception of electrostatic 
voltmeter. It is compact, 
portable and robust, and does not 
require critical levelling or special 
mounting. The movement has 
a taut suspension, is critically 
damped, and readings can be 
taken with rapidity and ease. 
Three models are available: 
Cat. No. E.E. 11308 
1-5 kV A.C. D.C, 
Cat. No. ser 11309 
- 10 kV A.C. D.C, 
Cat. No. EE. 11310 
5-18 kV D.C. and 
5-12 kV A.C, R.MLS, 


Cat. No. 
B.E. 11310 
DIRECT READING. 
ZERO CURRENT 
DRAIN. 


THREE SECONDS 

PERIOD. 

4 VOLT BATTERY. 
BRIGHT SPOT- 

-HAIRLINE 

INDICATOR. 

Please write for ituserased leaflet. 


SCIENTIFIC (7 E INSTRUMENTS 





W. G. PYE & CO. LTD.. GRANTA WORKS. CAMBRIDGE 


| ELECTROSTATIC 











INDUSTRIAL PROBLEMS 


No. 3. QUICK {DELIVERY OF ESSENTIAL" EQUIPMENT 


RADIO ENGINEERS— ELECTRICAL MANUFAC- 

TURERS — INDUSTRIAL CONCERNS. 

NO more waiting for Essential Electronic Instruments! 

Your needs supplied AT ONCE. 

We carry very large stocks of AVO ‘‘7,’’ ‘8’ and 

**40”’ Testmeters. 

Cossor 1035, 1049 and 1039M Oscilloscopes. Advance 

Signal Generators—Waveform T.V. Test Equipment. 

Guaranteed immediate delivery of the above, and many 

other instruments, by these leading manufacturers. 

For QUICK Service consult :— 

A. C. FARNELL LTD., 15 Park Place, Leeds, |. 
Telephone: Leeds 32958/9. 

(Official Agents for Advance, Avo, Cossor, Dawe and Waveforms). 














L. WILKINSON cN5°'Secni 
19, LANSDOWNE ROAD, CROYDON 


Phone : CRO 0839 Telegrams : ‘‘ WILCO ’’ CROYDON 


RELAYS—P.O. TYPE 3,000 


BUILT TO YOUR SPECIFICATION—EARLY DELIVERY 
QUOTATION BY RET URN—PLEASE STATE RESISTANCE 
OF COIL REQUIRED AND CONTACT BUILD UP. 
BREEZE SOCKETS. 6 Pole No !0H/408 Elbow type, 20.000 in 
stock, plugs to match available, 

RACKS. Standard 6ft. P.O. type for 19in. panels, steel channel sides 
correctly drilled, heavy angle base. 

TEST SET 205. Wavemeter range. 3.05 to 3.35 centimetres, 
built-in oscillator with 9 valves including Klystron type CV.129. 
VOLTAGE REGULATORS. Input 230 volt A.C. 21 amps., output 
57.5 to 228 volts in 16 steps. With current limiting Reactor. £10. 
VARIAC TRANSFORMERS. Type 80 CO in brass case, oil filled, 
50 cycles, P.200/240 volts S. 220 volts, 7.5 amps, £7/10/- each. Also 
an open type, 500 cycles, 180/0-180 volts, 7x7 amps, £12/10/-. 





KEY SWITCHES. P.O. type 212. 4000 available. 





ELECTRONIC ENGINEERING 








76 








EDGES ALSO RUBBER COVERED 


THE extreme edges of this 
clip are rubber protected 
thus fully shrouding the clip, avoiding metal 
to metal contact and absorbing vibration. It 
is available either in full circular or saddle 

, in nominal pipe diameters from in. 
to 2} in., in flexible steel or aluminium. All 


tongue. Full literature is available on 
request. 
Department A.O. 
HOWARD CLAYTON-WRIGHT LIMITED 
WELLESBOURNE WARWICKSHIRE 
Phone: Wellesbourne 316/7/8 Grams: Clatonrite V/ellesbo urne 








WE TALK YOUR LANGUAGE 
when itcomes to TRANSFORMERS 


x designed for standard & special applications. 

* built for reliability. 

x* engineered for trouble-free 
operation. 


TRANSFORMERS BY UNE 


amos of ExEeTER RTS WORKS COwicK STREET. EXETER. 


TECHNICAL BOOKS 


[H. K. LEWIS & Co., Ltd., invite inspection of 
their stock of books on all branches of Radio 
and Electrical Engineering. Catalogue on request. 
LENDING LIBRARY: Technical and Scientific. 
Annual Subscription from TWENTY-FIVE SHILLINGS 
Prospectus Post Free on Reauest. 
THE LIBRARY. CATALOGUE revised to December, 
1949, containing a classified Index of Authors and Sub- 
jects. To subscribers, 17s. 6d. net. To non-subscribers, 
35s. net. Postage Is. 3d. Supplement 1950-52. To 
subscribers, 3s. net. To non-subscribers, 6s. net, 
postage 5d. 


LONDON: H. K. LEWIS & Co. Ltd. ,136 Gower St.,W.C.I 


Telephone: EUSton 4282 (7 lines) 


INSULATION 


Our wc mapeok a 


Presspahn 

Cable and ited = eel Bakelite =e Ebene ; fe Varalebed 
Paper and Tapes; Varnished Silks and Tapes ; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings ; Cotton Tapes, Webbings and d Sleeving; 
Compound ; ian e and Rubber T: ‘apes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 
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Telephone : 
Bradford 25135 (Pvt. Br. Ex.) 
Telegrams & Cables : 
** Presspahn, Bradford 
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The Complete 
NEW ISOTOPE RANGE 


EGEN MINIATURE of Standard 


]  POTENTIOMETERS aff > NUCLEONIC 
fea «EQUIPMENT 
















Tae ae SCINTILLATION 
COUNTER HEAD 
TYPE No. 653 
Designed to meet the demand for Egen | 
reliability within the smallest possible compass, | SCALER 
these exceptionally small carbon potentiometers | TYPE No. 500 
(%” diameter) retain all the desirable features of 
their standard-size counterparts. The special Egen | PRESCALER 
carbon deposition process ensures a highly stable | TYPE No. 50] 
| e 
resistance element of extreme durability. | 
: | 
| WIDE BAND 
AMPLIFIER & 
DISCRIMINATOR 
TYPE No. 652 
Double-contact rotor E.H.T 
provides firm balanced ms he 
contact with exceptional SUPPLY UNIT 
freedom from wear and No. 532 
noise. Positively located TYPE 115 | 
soldering tags, silver plated | 
for easy soldering. All steel parts rustproofed. RATEMETER 
Standard resistance values available, from 5000 ohms TYPE No. 550 
to 2 megohms. | 
Type 115 is identical to Type 105 | 
except that a 2-pole Q.M.B. switch is incorporated. | QUENCH 
AMPLIFIER UNIT 
TYPE No. 660 





All Isotope units are designed 
in standard rack panels and can 
be supplied in cabinets or with 





SUB-MINIATURE VOLUME CONTROLS PRE-SET RESISTORS | 


For use in Deaf Aids and other A wire-wound pre-set 
miniature electronic apparatus resistor for panel or | Cine See Pe ee toe 
chassis mounting | mounting. 


Export enquiries welcomed 


‘MPIA-LONDON 
UN.30-JULAN'S3 





120 MOORGATE - LONDON - E.C.2 


| Telephone: METropolitan 9641 (5 lines) 
| 
Midland Agent: HAWNT & CO. LTD. 59 MOOR ST., BIRMINGHAM 4 


POTENTIOMETERS 








EGEN ELECTRIC LTD., CHARFLEET INDUSTRIAL ESTATE, | Northern Agent: A. M. LOCK & CO. LTD. CROMPTON ST., CHADDERTON, 
CANVEY | SLAND, ESSEX. / PHONE: CANVEY 691-2 Oldham, Lancs. 
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We Specialise in and have immediate ® 
‘“ PENLAB 320” Insulating Sleeving Capacity [Available for small batch 
£*:3 production of 
h AM §S . DTD-320 
ee , ELECTRONIC APPARATUS} 
3, I, 14, 2,3, 4, 5, 6, 7,8, 9, 10, I2and 14mm. bore. jand for quantity production of E 
14 different diameters : 4 stbiabia colours always sso _ aaa : 
carried IN STOCK. Special sizes (to 30mm.) 
and other colours to order. Price list’on request. PRECISION TURNED PARTS FROM 
SWISS AUTOMATICS 
LEONARD HEYS, Limited ROBERT PRINGLE & SONS 
Faraday House, Henry Street, Blackpool, Lancs. 36/42 Clerkenwell Road, London, E.C.I 
Telephone: CLErkenwell 2341 — 
TH 
‘6 TTE” SERVOTRONIC SALES invite enquiries an 
for the following specialised items of Electro-Mechanical a 
and Electronic equipment :— po 
NATURE TYPES NOW MAGSLIPS and accessories _ SELSYNS wu 
VALVE peo —g IPOTS —  SINE-COSINE POTENTIOMETERS 75 
aa” 836, 876, VELODYNES and A.C. SERVO MOTORS ‘tk 
B9A AND B9G. VARIABLE FREQUENCY SINE-WAVE GENERATORS a 
PRECISION GEARS — REPEATER MOTORS 
SPEAR ENGINEERING CO. LTD. Technical Data, Prices and -Deliveries from:— (0 
TITAN WORKS, WARLINGHAM, SURREY. SERVOTRONIC SALES inc. HOPTON RADIO 
Telephone: Upper Warlingham 2774. No. I, Hopton Parade, Streatham High Road ULI 
London, S.W.16 Tel. : Streatham 6165 a 
bona fide enquiries only please q = 
io IN ‘ 
REOSOUND METAL RECTIFIERS OF ALL TYPES 
me co CAPACITY BOX. -001 - -999 mfd. Price £15. | 
t 
DE LUXE INSTRUMENT CASE We specialize in 
STABILIZED POWER SUPPLIES 
covering all voltages from | volt — 75,000 volts. 
Write for full specifications to :— ) 
Henry A. Patterson & Partners Ltd. 
ELECTRONIC LABORATORY FURNISHERS ; 
156 High Holborn, LONDON, W.C.I. 
Phone: CHAncery 7717 =» 
and at High Wycombe. Phone: PENN 2334 
Available in two sizes in steel with radiused top Ali 
corners, louvred back and fitted with chromium- 
plated handle and four feet. Having front panel in TILT 
aluminium secured by eight screws. Finished in A.C. 
Black, Grey or Brown Wrinkle Enamel. DESI 
12in. x 8in. x Sin., complete with aluminium chassis 
and front panel.............0..0es0e0e. £220 ‘ RAP! 
14in. x 9in. x 7in., complete with aluminium chassis OPEI 
RR Re a aa aS £396 DETI 
Postage and Packing extra. Illustrated Lists on request. 
REOSOUND ENGINEERING & ELECTRICAL ’ 
COMPANY, “Reosound Works,” Coleshill | | THE SERVICE ENGINEER’S aon 
Road, Sutton Coldfield. FIRST CHOICE ns 
Grams: Reosound, Sutton Coldfield. Telephone: SUT 4685. oni 
7 
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Did you know? 


That the Insuloid ‘Ring-Lock’ Cable 
Bush is fitted in an instant without 
tools yet cannot be dislodged during 
assembly or in service. It is the 
answer to the most critical of con- 
ditions. Samples and _ literature 
will gladly be sent on request. 
APPROVED FOR SERVICE USE 
INSULOID MANUFACTURING Co. 


Ltd. 
Makers of the ‘PLASKLIP’ Insulated Cable Clip 
SHARSTON WORKS, LEESTONE AVENUE 
WYTHENSHAWE, MANCHESTER 
Tel. : Wythenshawe 2842 
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THE LATEST in 
AIR DIELECTRIC TRIMMERS 














Type 
approved 
Cat. A No.464 


ENTS CO.LTD. 


TEL: ULVERSTON 3306 


ULVERSTON, NORTH LANCS., 























TUNGSTEN RODS & THREE-PIECE LEAD WIRES 
FOR TUNGSTEN TO GLASS SEALS. 


MOLYBDENUM TUBES and other MOLYBDENUM COMPONENTS 
X-RAY TARGETS WITH OR WITHOUT CAST- 

/ \ TUNGSTEN WELDING ELECTRODES FOR INERT 

| GAS_ARC WELDING. TUNGSTEN CONTACT 

\ ) RIVETS AND SCREWS. 








12, BRUNEL RD., LONDON, W.3. 
Makers of TUNGSTEN and MOLYBDENUM Products 











SPECIALISTS IN PACKING 
ELECTRONIC EQUIPMENT 


SYNTHETIC SUPPLIES LTD. 


ALBERT MILLS - SILK STREET 
ECCLES - MANCHESTER 
Telephones ; ECCles 1720 & 3225/6 


Casemakers and 


eneral joinery : Packing and 
Preservation 


: Shipping and Forwarding Agents: 
; Warehousing 


Contractors to the Admiralty, Air Ministry, Ministry of Supply 
& G.P.O. Approval No. B23789/40 

















Craftsmen in Small 


Presswork 


RAPID DELIVERY OF SMALL _ PRECISION 
PRESSINGS IN ANY MATERIAL 


| ACCURACY GUARANTEED 
! 
| 


MASON & CO. pressincsy LTD. 


Victory Works, St. George’s Street, 
BIRMINGHAM, 19 


Manufacturers to Electronic and Electrical Trade 
































A HEAVY DUTY 
TILTING ARMATURE 
A.C. RELAY 

DESIGNED FOR 

RAPID & CONTINUOUS 











“SANOID” FIRST AID 


For over fifty years we have studied and supplied the 
specialised First Aid requirements of Industry. We believe 
our efforts have been of advantage to those we are privileged 
to serve, as on many occasions we have been able to meet the 
particular needs of various industries and conditions. 


May we help 








ae you? Our wide A PRODUCT OF 

’ ience i 

| ett CEASOM GOR 

and we shouldbe OLDBURY BIRMINGHA 

HILTON ELECTRIC pleased to send sex 
COMPANY rs renee ae FIRST AID SPECIALISTS 

52, POOL ST., WOLVERHAMPTON. Phone: 2/219 | price list. ESTABLISHED 1878 
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MUREX ‘SINCOMAX’ MAGNETS 


are used in QUADRANT 
SWITCHBOARD METERS 





Photograph by courtesy of 
British Physical Laboratories 


Another typical 


example of the use of Murex 


‘Sincomax’ Magnets where the need is for high 


magnetic stability and efficiency: In this applica- 


tion as in many others Murex Sintered Magnets 


continue to give accurate and reliable service. 





MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM « ESSEX «¢ Rainham, Essex 3322 


London Saies Office: 


Central House, Upper Woburn Place, W.C.1 


Euston 8265 
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FOCUS ON 
LEADERSHIP 


-.. where voitages 
are highest 


In order to provide adequately smoothed 
E.H.T. supplies for the largest Cathode Ray 
tubes, we have designed a High Voltage Paper 
Smoothing Condenser of unique construction 


and using ‘“ Visconol — X ”’. 





This impregnant developed by T.C.C. has 
exceptional properties in that it checks to a 
marked degree the fall in insulation resistance 


arising out of increases in temperature. 





A total absence of metal parts at the hot end 
Sealing Bung is achieved by the combination of a P.V.C. 


c : 
ded eee ws insulated flexible lead and the T.C.C. patented 


633387 bung method of sealing; in this way corona losses 
and external brushing are virtually non-existent. 
Capacity :— 500 pF 
Rating :— 25kV D.C. Working at 60°C 


@ Unique internal 


SPECIALISTS 
construction 


IN 
CONDENSERS @ Visconol- X impregnation 


SINCE 1906 @ One hole fixing 
@ No metal parts at ‘hot’ end 








THE TELEGRAPH CONDENSER CO. LTD 
RADIO DIVISION 
NORTH ACTON + LONDON + W.3 + Telephone: ACORN 006! 
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an pes. 9 IN USE FOR OVER 14 YEARS 
Y LEADING MANUFACTURERS OF 


ELECTRONIC 
‘EQUIPMENT 





ON SUCH COMPLEX EQUIPMENT AS THE 


FERRANTI DIGITAL COMPUTER 


with its 4,000 valves, 2,500 condensers, 
15,000 resistances, 100,000 soldered joints. 





Special Multicore products for specific uses 


ERSIN MULTICORE SOLDER 


Contains 3 cores of Ersin Flux, a high-grade 
non-corrosive rosin with an increased fluxing 
action incorporating Pentacol. Tests over 14 
years have proved that soldered joints made 
with Ersin Multicore Solder do not corrode 
even after prolonged exposure to any degree 
of humidity. Ersin Flux makes precision 
soldering quicker and more economical since thin solder 
walls give instant liquefaction, and there is no need for extra 
flux. Ersin not only prevents oxidation during soldering 
but actually cleans surface oxides. 
6 alloys and 9 gauges (unless otherwise specified) supplied 
in nominal 7 Ib. reels. 
Approved by A.I.D., G.P.O., A.R.B., D.T.D. 599, R.M.S. 
1,000 and all U.S.A. Federal specifications. 
Widely used by U.S.A. manufacturers where it is specially 
imported from England. 


ARAX MULTICORE SOLDER 
ffeteeets For meta! fabrication where a washable 

flux residue is required. Contains 2 cores of 

non-rosin Arax Flux. Will solder practically 

any metal instantly, including blued spring 

steel. 

3 alloys, 9 gauges on | Ib. and 7 Ib. reels. 


Tape Solder 


Tape fee containing Ersin or Arax flux, can be supplied 
on | lb. and 7 Ib. reels in standard alloys. Widths range from 
i” to 2”, and from .005” thick, accurate to + .001”. Where 
required, tape can also be supplied without flux content. 


SOLDER RINGS 
Made from Arax ot Ersin Multi- 
core Solder or solid wire, these 


rings are much more economical to buy than 
stamped washers. Among stock specifications are. 
Internal Diameter, }’,#;°.48’,4”. Other sizes to special order. 


LIQUID FLUXES 

For dipping purposes or other processes where 
it is not convenient to use Ersin and Arax 
Multicore Solder, the Ersin and Arax Fluxes 
are now availatle as liquids. 

Ersin Liquid Flux is an extra-active, non- 
corrosive flux A.I.D. approved and has been 
widely used by Electronic Manufacturers in 
the U.S.A. 


HIGH & LOW 

MELTING POINT 

Other sat Opes of Ersin Multicore Solder include 
Type T.L.C. Melting Point 145° C 
Type P.T. Melting Point 232° C. 
*COMSOL = Melting Point 296° C. 

*By arrangement with Johnson Matthey & Co., Ltd., of 

Hatton Garcen 





Ersin Multicore Solder is now available in Silver/Tin/Lead 
Comsol Alloy. 

It has a melting point of 296° C. (113° C. above the solidus 
melting point of the usual tin/lead alloys). 


ULTRA FINE GAUGES 
Ersin Multicore Solder has for many years teen supplied 
on | Ib. reels to manufacturers in as fine gauge as 22 s.w.g. 
It can now be supplied to special order on 3 Ib. reels in even 


gauges between 24 and 34 s.w.g. Lengths per Ib. for 60/40 
alloy :— 


Yes, the 34 s.w.g. does 
contain 3 cores of flux ! 


16 22 34 s.w.g. 
s 


S.W 
S12 fi 5,040 ft. 


S.W. 
c8 ft 








Manufacturers are invited to write for samples of any 
of the new lines or to consult our Technical Service 
Department on any problem in connection with soldering. 








MULTICORE SOLDERS LTD. 


MULTICORE WORKS, 


ELECTRONIC ENGINEERING 


HEMEL HEMPSTEAD, HERTS e 


BOXMOOR 3636 
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